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PREFACE TO THE THIRD EDITION 

The present edition lias been tborougbly revised and enlarged 
to tbe extent of some 70 pages and 46 illustrations. Wliilst 
tbe arrangement of drugs tmder plant families lias been retained, 
tbe book kas been divided into five instead of tbree parts by 
tlie separation of sections on microscopy, containing four new 
cliapters, and on tbe analysis of drugs, containing a new chapter 
written in collaboration with Mr. H. O. Meek, Pb.C. Tbe 
remainder of tbe text bas been brought up to date and further 
illustrations added to it. 

With the exception of Fig. 49, tbe block for which was kindly 
lent by Messrs. T. J. Smith and ISTephew, L/td., tbe sources of 
photographs and blocks are acknowledged in the text. I am 
indebted to Mr. A. W. Kvans of Messrs. Southalls (Birmingham), 
Ttd., for help in connection with the chapter on surgical dress- 
ings, to Mr. J. Wiclifie Peck for the use made of bis article 
on the manufacture of cotton and to tbe Kditor of tbe 
JPharmaceutical Journal for permission to reproduce passages 
from this and other articles. I desire to thank tbe numerous 
correspondents who have supplied information or made sugges- 
tions for the improvement of the book, Mr. J. C. Roberts for 
reading tbe manuscript and Miss M. I. J. Boyd and Mr. F. R. 
Mumford for checking tbe proofs. 

G. E. T. 

University College, 

Nottingham. 

October, 1938 . 
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This book covers the requirements in pharmacognosy of 
students reading for pharmaceutical examinations in most 
English-speaking countries. 

In addition to the contributors whose names are mentioned 
on the title page my sincere thanks are due to Miss E- M. 
Abbott, who has drawn or redrawn practically all the sketches 
and has assisted in the preparation of the index. I am 
indebted to my colleagues, Mr. A. O. Bentley, Ph.C., and 
Dr, J. E. Driver, M.Sc., A.I.C., for reading the manuscript, 
and, together with Mr. A. R. G. Chamings, B.Pharm., Ph.C., 
for checking the proofs ; to Mr. R. J. Newman and Mr. W. 
Sutcliffe for the photography ; and to Eieut. -Colonel W. R. 
Mansfield for kindly making me the luminograms reproduced 
in Figs. 43 and 44. Help on special points has been afforded 
by Mr. G. F. Sleggs, M.Sc., Mr. T. E. Wallis, B.Sc., F.I.C., Ph.C., 
Mr. E. J. Parry, B.Sc., F.I.C., Mr. A. T. Hall, Ph.C., and the 
late Mr. W. H. Martindale, Ph.D, 

My thanks are due for the loan of photographs and blocks, 
the sources of which are acknowledged in the text, and to the 
Editors of the Pharmaceutical Journal and Chemist and Druggist 
for permission to reproduce certain passages from these j ournals. 


University College, 
Nottingham:. 
August, 1934 . 


G. E. T. 
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PHARMACOGNOSY 


CHAPTEE I 

HISTORICAL INTRODUCTION 

Pharmacognosy may be defined as that science wbicli deals 
with tlie investigation of crade drugs and other raw materials 
of vegetable and animal origin from aU points of view excepting 
that of their medicinal action. The study includes their 
history, commerce, cultivation, collection, preparation for the 
market and storage ; their chemistry and their identification 
and valuation both in the whole and powdered states. Since 
pharmacognosy is to a large extent a combination of economic 
botany, zoology, and plant chemistry, some knowledge of 
biology and organic chemistry is essential to a proper 
appreciation of the subject. The word “ pharmacognosy ” is 
derived from the Greek, pharmakon, a drug, and gignosco, to 
acquire a knowledge of. It appears to have been first used 
by Seydler in 1815 in a small work on drugs entitled Analecta 
Pharmacognostica. Within recent years the word pharma- 
cognosy has largely replaced the term materia medica among 
pharmacists but not among medical men. While the terms 
have frequently been used as synonyms, the pharmacognosy 
taught in schools of pharmacy differs from the materia medica 
of the schools of medicine. The retention of both terms in 
their respective spheres seems desirable. Materia medica, in its 
widest sense, includes substances of mineral as well as animal 
and vegetable origin and embraces to some extent the study 
of therapeutics. Pharmacognosy, on the other hand, is con- 
cerned with drugs of animal and vegetable origin only, and 
although text-books on the . subject usually include notes on 
the uses of each drug, no attempt is made to teach therapeutics. 
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PHARMACOGNOSY 


HISTORY 


The cultivation of plants for dietetic and medicinal use is 
of extreme antiquity. I^inseed, for example, was cultivated 
in Eg^^t during the Stone Age, and poppy seeds have been 
found in lake dwellings. The date and barley have been 
cultivated from at least 5000 b.c., and an Assyrian clay tablet 
in the British Museum refers to a brown drug, a daughter of 
the poppy,'’ which is obviously opium. 

Medicinal plant culture was encouraged by the Babylonian 
kings as early as 1940 b.c., and about 150 b.c. an Egyptian 
queen had a greenhouse erected for the cultivation of medicinal 
plants. In America terraces dating from Inca times testify 
to the early cultivation of coca, and coca leaves taken from 
an Inca tomb have been examined chemically and micro- 
scopically in recent years. The kings of the Montezuma line 
had gardens in which medicinal plants such as that yielding 
balsam of Peru were cultivated. 

Mention must be made also of the early civilisations of 
Bactria, Babylonia, Assyria, and the Far East, the caravan 
routes by which their drugs and other commodities were 
carried, and of the extensive maritime interests of the Arabians 
and Phoenicians. From very early times Egypt and the 
Mediterranean countries received drugs by overland routes 
from as far away as China and by sea-routes from the coasts 
of Africa, India, and the Far East. During these long journeys 
the drugs usually passed through many hands, with the result 
that the consumers often found them very expensive and were 
frequently unaware of their country of origin.* 

The great importance of spices in times when fresh meat 
was only available at certain seasons of the year was an 
iinf»rtant factor in stimulating rivalry between commercial 
narioas, and encouraged exploration and subsequent European 
colomsatiom 


In the historical notes given under drugs in Part III of this 
book frequent reference is made to writers of antiquity. The 
following chronolc^cal list of some of the more important of 
th^ may be referred to as required. It must be emphasised, 
however, that a certain background of general history is 
e^enrial to a proper appreciation of this aspect of the subject.f 


* S€* Mstoiic^ note on drugs sucli as Cinnamon, Cassia, Camphor 
C^ardaHtoiBs, and. Grams, of Paradise, in Part III. ^ ’ 

f For an elementary account students will find aU they require in A Shovt 

oftk, World, by H. G. WeUs. and TAa British 
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Susrida, oa. 500 B.c. Author of the Sanskrit medical work, 
Ayurvedas. 

The Grreek and Boman Periods. — Hippocrates, ca. 459- 
370 B.c. The most celebrated physician of Greek antiquity. 
The Hippocratic writings number about 60. He was familiar 
with drugs such as cinnamon, hemlock, gentian, rhubarb, and 
myrrh, but relied very largely on attention to diet and regimen. 
Hippocrates was sometimes reproached for over caution in treat- 
ment. 

Theophrastus, 371-287 B.c. A Greek moralist and naturalist, 
and a pupil of both Plato and Aristotle. His Historia plantarum 
and De Causis plantarum are the earliest Kuropean writings 
on plants. 

Alexander the Great, 356-323 B.c. A Greek conqueror of 
Syria, Persia, Bgypt, and part of India. His activities greatly 
extended Kuropean knowledge of geography and natural history, 
and his founding of Alexandria with its library (331 B.c.) 
was instrumental in preserving many of the ancient writings. 

Celsus, ca. 25 b.c.-a.d. 50. A physician and writer who 
was largely instrumental in introducing the Hippocratic 
system of medicine to the Romans. In his chief surviving 
work, De Medicina, some 250 drugs are mentioned and a 
valuable account is given of the surgery of the period. 

Scrihonius Targets. A Roman physician who accompanied 
Claudius in a.d. 43 in the attempted conquest of Britain. His 
collection of recipes, Compositones Medicamentorum seu Com- 
positones Medicce, indicates the drugs then in common use. 

Dioscorides. A Greek born in Asia Minor during the first 
century. He accompanied the Roman armies and visited 
Syria, Italy, Spain, and Africa. His De Materia Medica, 
written about a.d. 77, was a very complete work on drugs of 
vegetable, animal, and mineral origin. It embraced more than 
500 drugs, gave notes on collection, preservation, and adultera- 
tion, and was profusely illustrated. Kor fifteen centuries 
Dioscorides remained the great authority on botany and 
materia medica. His work was translated into Arabic, Italian, 
French, and Spanish. 

Pliny or Plinius, a.d. 23—79. ^ native of northern Italy 

whose military duties took him to Germany and Spain. On 
his return to Rome in a.d. 52 he was received by the*Emperor 

A. P. IsTewton and J. Ewing. The history of drugs is more fully dealt with 
in the Pharmacographia of Fluckiger and Hanbury, and the Handhuch der 
Pharmakognosie of A. Tschirch. 
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Vcsp'Q.sis.n 3.S 3. p6rsoii3-l friend. In spite of nis^ny coiiitiiissiotis 
undertaken for the Emperor, Pliny found time for extensive 
study. Of all his numerous works only the Historia Naturalis, 
in 37 volumes, has come down to us. This is concerned with 
all the natural sciences, and contains, as the preface states, 
20,000 matters of importance (including about i,ooo plants) 
extracted from about 2,000 volumes. W^hile in command of 
the Roman fleet in a.b. 79 he landed to view the eruption 
which submerged Herculaneum and Pompeii, and, being in 
indifferent health, died as a result of exposure to the fumes, 
although his attendants escaped. 

Galen, a.b. 131-200. A Roman physician and a voluminous 
writer. Although usually remembered by pharmacists for his 
books of recipes and by the word '' galenical,” his anatomical 
and physiological work was of great importance. He fre- 
quently recommends the dissection of animals,* and was an 
authority on the pulse. Before the time of Galen there were 
many different medical sects, but these gradually merged in 
Ms followers who, in the period of Roman decline, added little 
or notMng of scientific importance. Galen's works were 
translated into Arabic in the ninth century, and his views 
were long con^dered infallible, f 

mie AraMan Period. — The Arabs showed little interest in 
learning durii^ their period of conquest, which during and 
following the life of Mahomet (570—630) had by 710 given 
them territory extending from India and Turkestan on the 
east, through Egypt and North Africa to Eisbon on the west. 
Subsequently, however, the arts and sciences were encouraged, 
particularly by Almansor (754—775), Harun-al-Raschid (786- 
and Al-Mamun (813—833). Schools were founded in 
Bs^dad, Basra, Bokhara, Kufa, and Cordova, .and libraries 
were expected at Bagdad, Alexandria, J and Cairo. Medicine 
advanced in anatomy.§ 

* It is proiaMe tliat Ms experiments were confined to animals, but he 
meatkwK ttiat these phj^edans accompanying the armies against the Germans 
r had the t^^rtnaity of dissecting the bodies of the barbarians. 

I f la Uie iiTOOcds of the ixMidon College of Physicians it is shown that a 
I>r. Ge3nteM in 1559 *' was cited before the college for impugning the infallibility 
of Galea. On his acknowledgment of his error, signed with his own hand 
he was received into the college.’" 

I The origtnal Alexandrian library suffered by fire during the siege by 
l^as C»ar. It was partly restored by donations given to Cleopatra by 
Antony, That part of the library stored in the heathen temple of 
^mpis saffered at the hands of a Christian mob in a.d. 391. Further 
dtestmetiott was wroiight by the Arabs. 

§ 'Use KMaa forbids the dissection of bodies. 
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Geber, ca. 700-765. I^ounder of the Arabian school of 
chemistry or alchemy.* His writings show a knowledge of 
the preparation of common metals, salts, acids, and alkalis, 
and of the processes of filtration, crystallisation, sublimation, 
and distillation. 

Rhazes, 865-925, and Avicenna, 980-1037, were two of 
the more famous Arabian physicians. They did much to 
transmit to posterity a knowledge of Greek and Roman 
medicine, and introduced drugs of Arabian and Indian 
origin. 

Ihn Baitar, 1197-1248, travelled from Spain to Egypt, where 
he spent the last ten years or so of his life at the Egyptian Court. 
His Liber magnce collectionis simplicium alimentorum et medica- 
mentorum was an important contribution to materia medica, 
most of the descriptions of drugs showing evidence of personal 
observation. 

Marco Polo, 1254-1324, though not an Arab, may be men- 
tioned here. This celebrated Venetian traveller spent twenty- 
five years in Asia (1271— 1295). On the outward journey he 
travelled by a devious overland route, but on the return journey 
went by boat to Persia. While acting as ambassador to 
Kublai Khan he visited India and the East Indies. f 

Ihn Batutah, 1303—1377. A celebrated Arabian traveller 
born in Morocco. He visited the Caspian regions, also Delhi, 
Java, and Pekin, and penetrated Africa as far as Timbuctoo. 

The European Period. — The oldest Anglo-Saxon book on 
herbs is the Teech Book of Bald, which dates from about 
900 to 950. The Anglo-Saxons had names for and used at 
least 500 plants, a far greater number than appears to have 
been used by continental nations of the same period. 

By the twelfth century a medical school, the first to grant 
regular diplomas, had been established at Salerno near Maples. 
The drugs used there are described in the Alphita, 

Arabian influence, particularly in Spain, led to the spread 
of alchemy, which is associated in Europe with the names of 
Roger Bacon {1214-1294), Albertus Magnus (1193—1280), and 
Paracelsus (1493— 1541). The latter introduced into medicine 
alcoholic preparations, compounds of lead and antimony, and 
vitriols.'' He was strongly opposed to the “ shot-gun " 

* For an account of the subject of alchemy one of the several histories 
of chemistry should be consulted. 

f The Travels of Marco Polo the Venetian, No. 306 of J. M. Dent & Sons, 
Ltd., “ Fveryman’s Library.” 
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type of prescription favoured by the Arabs, and advocated the 
nsTof simples. The ^'doctrine of signatures, oi the belief 
that the form of each plant indicates its medicinal virtue, is 
usually associated with the name of Paracelsus, but its greatest 
advocate was Giambattista Porta, who in 15S8 published 

Phvtognomonica, ^ .o. 

"'Buring the early Middle Ages medicinal plant culture was 
largely confined to monastery gardens, but with the estab- 
lishment of universities in the twelfth, thirteenth, and four- 
teenth centuries a number of other herb gardens made their 

appearance. ^ . 1 j u. x-u 

The discovery of new lands and of fresh routes led to the 
introduction of many new drugs. Many of these were studied 
by Monardes (1493-1578) and Carolus Clusius (1526-1609). 
Our present knowledge of drugs has been built up by the work 
of explorers, traders, botanists, chemists, and pharmacog- 
nosists. Some of these are mentioned in the following chrono- 
Ic^cal table, which also attempts to indicate the extent and 
varying fortunes of European attempts at colonisation. 

1470 Herbal of Eartholomseus 
Anglicns. 

1484 The batin Herbarius. 

i486 Biaz TOimded the Cape. 1485 Herbarius zu Teutsch. 

1491 Ortus Sardtatis from the 
School of Salerno. 

1 193 Columbus returned from his 
first voyage to the New 
World, having discovered 
San S^vador. On his two 
subsequent voyages explored 
the West Indies and the 
North Coast of S. America. 

1494 Mvisaoii of new territories by 
the Pope between Spain and 
Pcfftagal 

1498 Vasco da Gama sailed round 
the Cape to India. 

1511-18 Porti]^ese in India 
|Gcm), Ceylon, Spice Islands, 

Java, and Sumatra. 

1519 Mexico conquered by Cortes. 

I529“35 Chili and Peru conquered 1 530 Herbal of Otto von Brunfels. 
by Pazarro. I533 Padua herb garden founded. 

1542 Herbal of beonhard Puchs. 

1544 Florence and, 1547, Bologna 
herb gardens founded. 

1551 Wm. Turner’s Herbal. 
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1577—79 Drake sailed round the 
world. 

1580 Philip II united Spain and 
Portugal. 

1588 Spanish Armada defeated. 

1600 Kast India Company formed. 
Ports built in J ava, Am- 
boyna, and Banda. 

1615 Bermudas settled. 

1620 Pilgrim Fathers founded 
New Plymouth. First negro 
slaves landed in America. 

1652 Dutch founded a station at 
Table Bay. 

1658 Ceylon taken from the Portu- 
guese by the Dutch, who 
seized other Portuguese and 
British possessions. 

1674 Nieuw Amsterdam became 
British by treaty and was 
renamed New York. 


175 5—63 Britain and France strug- 
gled for America and India. 

1768 Capt. Cook's first voyage to 
New Zealand and Australia. 

1776 Independence of the U.S.A. 
declared. 

1786 Penang acquired by the F.I. 
Company. 

1788 W arren Hastings impeached. 

1795 ^be Cape occupied by 
Britain and in 1814 annexed 
to the British Fmpire. 

1819 Singapore obtained from the 
Sultan of Johore. 

1833 AboHtion of slavery. The 
opening of the China ports 
and cessation of the Bast 
India Company’s charter led 
to free and increased trade 
in India. 


1569—74 Monardes’^ 
lished. 

1570 Book by Paracelsus on drugs, 
metals, etc. 

1 577 J ohn Frampton’s translation 
of Monardes. 


1597 Herbal of John Gerarde. 


1629 Herbal of John Parkinson. 
1632 Oxford herb garden founded. 
1652 Herbal of Nicholas Cul- 
pepper. 


1673 Chelsea herb garden formded. 


1675 Bdmburgh herb garden 
founded. 

1694 Pomet’s Histoire GSnSrale 
des Drogues. 

1697 Ivcmery’s Traits Universal 
des Drogues Simples. 


I/innaeus, 1707-88.* 
Scheele, 1 742-86. f 


Pereira, J., 1804— 53. J 
Merck, H. B., 1794-1853.! 
Bindley, J., 1799-1865.* 
Berg, O. K., 1815-66.* 
Fischer, B., 1 852-74. f 
Hanbury, D., 1825-75.$ 
Schleiden, M. J., 1804-81.* 
Wohler, F., 1800-82.$ 


$ Pharmacogaosist. 


* Botanist. 


t Chemist. 
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1839 Aden brought under British 
rule. 

1 841-42 J - Brooke appointed Raj ah 
of Sarawak. 

1842 Britain obtained cession of 
Hong-Kong. 

1857 Indian Mutiny. 

1858 Property of the East Indian 
Company transferred to the 
Crown. 

1869 Suez Canal opened. 

1877 Annexation of the Trans- 
vaal. 

1 887 Annexation of Zululand. 

1899-1902 South African War. 


1915 Panama Canal opened. 


1920 First meeting of Iveague of 
Nations. Mandates set up. 
Sjiuia, Tc^oland, and Came- 
roons placed tmder the con- 
trol of France ; Mesopo- 
tamia (’Iraq) and German 
East Africa (Tanganyika) 
imder Britain ; German 
S. W. Africa under the Union 
of South Africa ; and terri- 
tories in the Pacific under 
Australia and New Zealand. 


Howard, J. E., 1807-84, H.M. 
i 883.§ 

Maisch, J. M., 1831-93. H.M. 1893- 
Hesse, J. O., h. 1835, H.M. 1891. 
Fliickiger, F. A., 1828-94, H.M. 
1881. 

Dragendorfi, J. G. N., 1836-98, 
H.M. 1885. 

Dymock, W., d. 1892, H.M. 1887. 
He Vrij, J. E-, 1813-98, H.M. 1897. 
Planchon, F. G., 1833—1900, H.M. 
1889. 

Watt, G., 1851-1930. H.M. 1901. 

Martindale, W., 1 841-1902. J 
Vogl, A. B., 1833—1909, H.M. 1895. 
Badenburg, A., 1842—1911, H.M. 

1899. 

Strasburger, E., 1844—1912.* 
Hartwich, R., 1851-1917.^: 

Collin, E., 1849-1919, H.M. 1903. 
Solereder, 1860-1920.* 

Schmidt, E. A., 1845-1921, H.M. 
1905. 

Mayer, A., 1850— 1922. J 
Moeller, J., 1848—1923.* 

Rraemer, 1 868-1 924. J 
Fower,F.B., 1853-1927, H.M. 1913. 
Brandt, A. W. H., 1879-19294 
Holmes, E. M., 1843—1930, H.M. 

1915- 

Engler, A., 1844-1930.* 

Thoms, H. F. M., 1859-1931, 
H.M. 1931. 

Greenish, H. G., 1855—1933, H.M. 

1917* 

Hooper, D., b. 1858, H.M. 1907. 
Tschirch, A., b. 1856, H.M. 1909. 
Beger, E., H.M. 1911. 

Oesterle, O. A., b. i866.:|: 

Perrot, E., b. 1867, H.M. 1922. 
Henry, T. A., b. 1873, H.M. 1927. 
Rusby, H. H., b. 1865, H.M. 1929. 
Barger, G., b. 1878, H.M. 1933. 
Pyman, F. B., b. 1882, H.M. 1935. 
Wasicky, R., b. 1884, H.M. 1937. 


* Botanist, t P!iiariiiacx>gno®ist. 

I The abbreviation H.M. indicates Hanbury Medallist. On the death 
of the eimnent pharinacognosist Baniel Hanbnry, in 1S75, a fund was raised 
to «fcaWish a memorial. The memorial takes the form of a gold medal 
whfch is grren peiicdicaUy for " high excellence in the prosecution or pro- 
of original re^arch in the Chemistry and Natural History of Drugs.” 
As will he mmk from the above table the medal has been awarded to workers 
em Wm Ccmtteiit and in America as well as to those of the British Empire. 



CHAPTER II 


LONDON COMMERCE IN CRUDE DRUGS 

From the fact that at a very early date Phoenician traders 
visited England it may be surmised that the drugs of Egypt 
and the East were occasionally brought here. As early as 
A.D. 6i, Tacitus, a Roman historian, described London as 
'' crowded with traders and a great centre of commerce.’’* 
Small ships found good anchorage at the Pool, that part of 
the Thames immediately below the present London Bridge 
and the site of earher bridges. During the Middle Ages, 
Venetian and Genoese ships arrived regularly, landing some 
of their merchandise at a point on Thames Street called Galley 
Key. In the thirteenth century the Hanseatic League, a great 
commercial confederacy, had offices commonly known as the 
'' Steel Yard,” in Thames Street. During the Middle Ages the 
Guild of Pepperers, which was afterwards merged into the 
Grocers Company, included dealers in drugs. f The first 
Navigation Act (1381) prohibited the carrying of merchandise 
to England except in English ships or in ships of the nation 

* For much of the information contained in this chapter the writer is 
indebted to articles in the Chemist and Druggist. Further details may be 
found in “London's Drug Market and the Romance of Mincing Lane/’ C. and 
D., 1928, 1 , 851, and “London, the Drug Centre of the World,” C. and D., 
1933,1,699. The illustrations are made from photographs taken in 1 93 3 , which 
were kindly supplied by the Editor of the Chemist and Druggist. 

t C. and D., 1928, 1 , 855, ” The earliest ordinances with which we are 
acquainted are those which they made with the assent of the Lord Mayor 
and Aldermen, in 1315-16, wherein they are described as the ' good folk of 
Sopers Lane of the trade of Pepperers.’ They are arranged under four 
heads, viz. : (i) That no one of the craft shall directly or indirectly mix or 
adulterate goods of different quality and price ; (2) that no one shall tamper 
with bales, so as to change or transfer the contents of any bale, or place 
false names beneath true ones ; (3) that no one shall moisten saffron, alum, 
ginger, cloves, and such other merchandise in order to increase weight ; 
(4) that every vendor shall have true uniform measures and weights, shall 
sell by the hundredweight of one hundred and twelve pounds, fifteen ounces 
to the pound, save confections and powdered goods, which shall be sold by 
twelve ounces to the pound. This shows that prior to their combination with 
the Spicers, under the name of Grocers, the Pepperers had in use both the 
avoirdupois and troy or trou weights.” 

II 
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to whom the merchandise belonged, and further navigation 
and trade Acts in the seventeenth and eighteenth centuries, 
by reserving the colonial trade for English ships, did much to 
increase our maritime trade. During the reign of Elizabeth 
f (1558-1603) the Dondon Stock Ex- 
change was opened, the East India 
Company received its Charter, and 
great improvements were made in the 
Thames quays. 

Mincing Dane and Mark Dane, 
which then led down to the water 
front, gradually became commercial 
centres inhabited by merchants and 
brokers. Commercial transactions were 
carried out in the numerous coffee- 
houses, the fore-runners of Eloyd's, 
the Stock Exchange, and the Baltic 
and Shipping Exchange. The Jeru- 
salem Coffee House was famous as a 
meeting-place for those engaged in 
Eastern trade, and the J aniaica Coffee 
House as a resort of West Indian 
merchants. 

Early Drug Sales. — Drug auctions 
were held at irregular intervals by 
the East India Company from its 
foundation in 1600, but regular 
quarterly auctions were first instituted 
in 1704.* Oarraway's Coffee House, 
where the first tea was sold retail in 
1657, and where drugs were sold “ by 
the candle for nearly two hundred 
years, was demolished in 1866. In 
18 1 1 the first Eondon Commercial 
„ . Sale Rooms were founded in Mincing 

accommodation provided 
l>r«ggisi.) did not meet with general approval, 

and the absence of a place for refresh- 
ments in dose proximity soon caused the druggists to move 
their sal^ to the New Com Exchange Tavern, and the Com- 
mercial Sale Rooms were long referred to as '' Marten's Folly. 

* An illnstratioii of ono of the !£a.st Xnciia. Company's auctions in proerress 
wia he foimci in the C, and JO., 1928, 1 , 850. 
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Tlie present I/Ondon Commercial Sale Rooms were bnilt in 
1890, and the drug sales have been held there since 1898. 

London Docks. — 'Ey the eighteenth century lack of moor- 
ings and warehouse accommodation were being acutely felt 
on the river. The West Indian Docks were built and opened 
in 1802 and the construction of other docks rapidly foUowed. 
Competition between the various dock owners gradually led 
to an unsatisfactory state of affairs, and uneconomic rates for 
berthing, landing and storing. In 1908 the Port of London 
Authority was established to administer all the docks as a 
single unit. At the present time the P.L-A. controls docks 
covering an area of over 4,000 acres, with a water area of over 



Fig. 2. — A corner of a drug warehouse {Chemist and Druggist). 


700 acres. Quays, for unloading, have a total length of about 
45 miles, and are well supplied with cranes and other appliances 
for handling cargo. As far as drugs are concerned, the London 
Dock and the St. Katharine Dock are the most important. 
These have a total area of about 45 acres and about 4 miles of 
quays. As they are situated well up the river, on the north 
bank, near the Tower, many of the incoming vessels discharge 
their cargoes into lighters and do not come up as far as these 
docks. Many drugs are also unloaded at the South-Eastern 
Wharf and Mark Brown's Wharf, on the opposite side of the 
river. 

The bock and City Warehouses. — ^After unloading, the 
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drugs are placed in warehouses, which are situated either in 
the docks or in the City. Each warehouse is in the charge of 
a foreman who is an expert in the storing, grading, sampling, 
packing and dispatching of the drugs placed in his care. 

Owing to the wide range of qualities of drugs such as 
cardamoms, vanilla, and tragacanth, these are usually con- 
signed for sale on the Eondon market. Many drugs are, how- 
ever, sold outright prior to dispatch.* Buying forward on 
a c.i.f. basis {i.e. at a price which includes carriage, insurance, 
and freightage) is now much more common than in pre-war 
days, but has not proved altogether satisfactory . f There is 


♦ C. and D., 1933, some years shippers have been disinclined 

to send much of their goods to this market on consignment. Uncertain 
conditions, fluctuating exchange rates, and the general fall in commodity 
values have all been factors which have tended to make shippers endeavour 
to sell their goods outright prior to shipment and, moreover, to sell direct 
to America and the Continent, rather than use London as a distributing 
centre. ° 


^ f C. and D., 1928, 1 , 864 : “ The growth of the c.i.f. business in recent 
years is remarkable, and if one refers back to the Trade Report of the C. and D. 
m pre-^r days there are only a few articles that bear a c.i.f. quotation. 
How different is the present-day system of trading 1 We find drugs like 
Sumatra benzoin, dragon’s blood, ipecacuanha, gamboge, etc., which buyers 
in former days would have been afraid to purchase even on sample and were 
never sold except after ‘ inspection in bulk,’ are to-dav freely disposed of 
Jor forward shipment or delivery on either a standard^ sample or a ‘ fair 
awrage quality ’ basis. The result is obvious, as practically every other 
shipment made brings with it claims for inferior quality, and the consumer 
finds himself forced to accept an article the quality of which is frequently 
uselps for his r^uirements, and is granted an allowance as compensation 
fOT his loss. A buyer wiU, therefore, find himself compelled to £:cept an 
artmie for winch he ^y have no use, and is forced to purchase, at a much 
ingherpoce, the quality he requires from a holder of spot stocks.’* 

if® arbitrations which take place to-day on Mincing Lane 

in practically every commodity of general produce is one of the most important 
arguments a^t tte c.i.f. contract. Whereas, before the wir an ibFtration 
^ ^ ^ l%ht of a definite and serious business dispute between 

^ unable to arrive at a mutual understanding, to-day it 

^ loophole through which they can escape 

a or unsatisfactory purchase. A produce broker of any important 
to act as an arbitrator, as besides the time inv5v?d 
that may arise, it is not infrequent that he may find 
tomseif pemlis^ by one or other of the disputants for having the honestv 

S ^ the party te whom he 

mter^t to pomt out that the General IlSoduce Brokers’ 
A^^mtion of London is re^nsible for the appointment of a oanpl of 
«bitiators-all produce brokeis— the selection of XcTis usu^llv left to 
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much to be said for the older system of examining either 
original packages in the warehouses or dock-drawn samples 
before buying. As a result of forward buying and the tendency 
for drugs to be sent direct to America and the Continent, the 
quantities of drugs offered at the drug auctions is smaller than 
was formerly the case. 

Some examples of the work undertaken in the bondon 
warehouses may now be given. Considerable stocks of most 
drugs are held in London. Those which are hable to customs 
duties may be kept in bond until required. In the case of 



cascara bark it is well known that the value increases with 
age. In order that there may be no question of the age of a 
particular sample, it is usual for the fresh-season bark to be 
imported when its age can afterwards be ascertained without 
question by the package number and date of importation. 
Certain drugs require to be garbled,* i.e, freed from dust and 

This last award, is binding’ on all parties, and the case cannot be reopened 
except in the law co’nrts. It is estimated that on contracts where ^ quality 
alone is a dominating factor, at least one in three is arbitrated upon. 

* In the reign of James I an Act was passed making garbling com;^lsory 
in the case of spices and certain dm^. The work was undertaken by the 
King’s garbler or his authorised deputies. 
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other impurities. In other cases, e.g. tragacanth and car- 
damoms, the original containers are emptied and the drug 
mixed (bulked), graded and repacked. These operations are 
known as “ working the drug. Such drugs as cinnamon are 



Fig. 4.-~I>reparing to bulk cardamoms Fig. 5. — Cardamoms in bulk (Chemist 

(C kemist mid Druggist) . and Druggis t ) . 
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carefully graded abroad, but the packages are nevertkeless 
opened to see that the drug is in good condition and of constant 
quality throughout. In recent years kondon importers have 
suffered to some extent from the fact that the P.Iv.A. charges 



Fig. 8. — Sampling senna leaves {Chemist and Druggist), 


for unloading, storing, and working drugs have been higher than 
those ruling at Hamburg, Antwerp, and other Continental ports. 

Sampling is another important duty of the warehousemen.* 

* C. and D., 1928, 1 , 866 : On one important point London still holds 

command, and that is in the general sampling of produce. A London dock 
or wharf sample is still recognised by the commercial community in any 
port of the world as unquestionable for its fairness, and whereas in any other 
country a sample has to be drawn by a representative of both the buyer and 
the seller, a sample drawn by a London wharfinger or the Port of London 
Authority is sufi&cient to satisfy the most fastidious of arbitrators." 

2 
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Dock samples are often takien of such drugs as turmeric 
(Fig. 6), senna (Figs. 7, 8), honey, cassia pods, guaiacum 
resin, qtiince seeds, ipecacuanha root, and balsam of Tolu. To 



B C 

Fig. 9. — Drugs on show in No. 2 Warehouse. A, myrrh ; B, vanilla pods 
with dragon’s blood behind ; C, Zanzibar aloes in skins ; D, benzoin. 


obtain a representative sample of, say, ipecacuanha, the bales 
are cut open and a half-pound sample taken from the top, 
middle, and bottom of each hale. Tins of balsam of Tolu are 





splitting bhensi rhubarb {Chemist 
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sampled by means of a sampling iron, and the samples bulked 
to obtain an average. 

The City or Cutler Street Warehouses are situated near 
Mincing I^ane and Bishopsgate Goods Station. Here drugs 
such as aloes, benzoin (Fig. 9), sarsaparilla, ipecacuanha, 
dragon’s blood, gamboge, rhubarb, and balsams may be 
examined by prospective buyers before the drug auctions. 

Many of the above drugs are graded before being exhibited. 
Rhubarb, for example, is bulked, separated into “ piles,” and 



h’lG. II. — Grading Madagascar vanilla pods {Chemist a'nd Druggist). 


a sample of each pile fractured to show the condition of the 
interior (see Fig. 10). A special room is devoted to the storage 
and grading of vanilla pods (see Fig. 1 1) . 

The methods of drug brokers and buyers when examining 
drugs appear to be somewhat crude when judged by scientific 
standards although they work well in practice. It is neverthe- 
less amusing to watch a buyer test dragon’s blood by grinding 
it under his heel, and to find that such drugs as ipecacuanha 
are often bought without any knowledge of the alkaloidal 
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content. In some cases, however, analyses are regularly made, 
€,g. opium and cinchona. The price of these drugs is often 
ivorked out on the basis of morphine and quinine units. 
Although cinchona bark is sold in Tondon, Amsterdam is a 
far more important centre for this drug. Strophanthus seeds 
are generall3' guaranteed by an independent analyst to be 
lOO per cent, genuine kombe. Other analytical results, such 


„ ^ samples of senna in the offices o£ John Ronaldson 

it Co., of Seething Ia,ne {^Chemist and Druggist) . 

as alkaloidal contents and the ash values of drugs (e.g, kamala) 
are guaranteed in a similar manner. 

Broters^ Sale Booms. — The various firms of drug 
hmkers have offices and sale rooms in or around Mincing Tane. 
Their names appear on the sales catalogue shown in Tig iq 
firms sell drugs, and often other things, such as tortoise- 
varnish gums, rubber, ivory, mica, isinglass, shellac 
Ddstles, etc., on commission. Drugs which are consigned to 
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Fig. 13. — The front and one of the inner pages of a typical drug-sale catalogue. 
Original about 1 7 inches long. 
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London are placed in the brokers" bands and may be sold by 
him privately or oJBFered at the bi-montHy drag auctions. 
Dock samples may be inspected at the brokers’. While brokers 
are usually prepared to ofier any drug, a certain amount of 



Fig. 14. — A drug show at Frencli and Plucknett’s, Mincing Lane (Chemist 

and Druggist). 


specialisation is to be found. Certain brokers, for example, 
specialise in important lines such as senna, honey, ipecacuanha, 
and eucalyptus oil. 



WtG, drag show at Dalton and Young’s, Fenchurch Street (Chemist 

and Druggist). 
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Before each drug auction catalogues are issued by the 
brokers. On the day immediately preceding a drug auction 
prospective buyers examine either dock samples in the brokers" 
offices or original packages in the Cutler Street Warehouse. 
The close proximity of the broker's offices to one another and 
to the Cutler Street Warehouse makes it quite easy for a buyer 
to see all he requires in a relatively short time. At these 
drug shows/" as they are called, the buyer notes those lots 
for which he is prepared to bid and the price he is prepared 
to give for each. 



Fig. 1 6- — A drug show at Slann arid Davies, Mark Dane {Chemist and 
Druggist ) . 


The Drug Auctions. — ^In the hondon Commercial Sale 
Rooms public auctions take place almost daily of commodities 
such as tea, coffee, cocoa, wines, and spices. In pre-war days 
the drug auctions were held regularly every fortnight, but 
they are now held every other month. Kach broker in turn 
auctions the drugs on his catalogue, the order of precedence 
in which each broker mounts the rostrum is drawn for, and 
consequently varies from sale to sale. This is necessary, as 
buyers are likely to make sure of their requirements nearer 
the beginning of the sale than the end. The order of sale is 
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printed at the top of each catalogue (see Fig. 13). The actual 
sale has been described as follows : — * 

“ Alx>ut 10.30 a.m. the first selling broker mounts the rostrum 
and commences to go through the lots in his catalogue, one for each 
broker, the number of which vary from twelve to fifteen, f and such is 
the celerity with w^hich business is dispatched nowadays that the 
event is concluded by noon or shortly after. The wholesale druggists 
sit together on either side or under the rostrum, and the export mer- 
chants and dealers face the auctioneer in front, while the brokers are 



London Commercial Sale Rooms 
{Chemist and Druggist). 


or m front. Rach lot is knocked down to the 
latter term signifies that the 
^ highest bid obtained is below 
^ - ^ not sold. The price at which the goods 

^ OV^ case higher than that at which the soods 
^Id. Frequently an article is sold ' subject/ that is 
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to the owner’s approval of the price which the broker accepts. This 
frequently happens when a principal has not given his broker a firm 
price below winch he must not sell, and when the bid provisionally 
accepted is below the current market price or the broker’s valuation. 
By far the larger proportion of the goods are * bought in ’ ; but in a 
number of instances the goods are immediately sold privately, and 
after his auction a broker will be foimd in the adjacent passages com 
ferring with the buyer. PubHcity in regard to his business is not 
sought after by a broker, and that is why the phrase ‘ See you after- 
wards ’ is a frequent utterance from the rostrum when a public bidder 
who wants the goods will not pay the price asked. This means that the 
buyer usually gets the goods at a secret price, so that not even his 
competitors are aware, let alone the trade Press.” 

Although hondon is by far the most important British 
port for the importation of drugs, considerable quantities also 
arrive at Liverpool. I^arge quantities of seeds, such as linseed 
and castor seed, arrive and are crushed for the extraction of 
their oil at Hull. In conclusion, students are advised to make 
a regular habit of reading the market reports which appear 
in the Pharmaceutical Journal and the Chemist and Druggist, 



CHAPTEE III 


PLANT PRINCIPLES AND THEIR EXTRACTION 

By W. R. Hijadestg, B.Sc., Ph.C., A.I.C, 

The plant principles wMcli are extracted for medicinal pur- 
poses may be broadly classified as follows : (i) carbohydrates, 
(2) glycosides, (3) alkaloids, (4) fixed oils, fats and waxes, 
(5) volatile oils, and (6) resins, gum-resins, etc. In the following 
pages tlie characters and t3^pical methods of extraction of the 
above classes of substances will be briefly outlined. 


CARBOHYDRATES 

Carbohydrates are compounds containing the elements 
carbon, hydrogen, and oxygen, the last two elements being 
usually present in the proportions in which they are found in 
water. The group includes sugars, starch, inulin, and cellu- 
loses. The simple sugars of the formula C6H12O6, which are 
known as hexoses, are represented in plants by glucose uud 
fructose. Their synthesis in the plant may be represented in 
its simplest form by the equation : 


Plants also contain disaccharides of the formula C12H22O11, 
such as sucres and maltose; trisaccharides of the "formula 
CigH^gOig, such as gentianose and mannotriose ; and poly- 
mccharides of the formula such as starch, inulin, 

and cellulose. The above may be regarded as derived from 
two or more moncmccharide molecules by the elimination of 
wata:. Their structure may be studied by subjecting them 
to hydrolysis, either by enzymes or dilute acids, and identify- 
ii^ the sugars produced. Sugars are distinguished from 
one another by such properties as optical rotation, the 
micrc^oopical form and melting-point of the crystals of their 
and their effect on Pehling’s solution. 

26 
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The hydrolysis of sucrose and starch may be represented : 


C,2Hj,0„4-H,0=CeH.20, + CeHi20a 
Sucrose Glucose Fructose 

(CgHioO 5) „ H- wHoO ^ 

Starcli Glucose 

For tests on carbohydrates such as starch, soluble starch, 
dextrin, and cellulose see Chapter IX. 

Sucrose (Sucrosum, B.P.) is a disaccharide obtained from 
the sugar-cane (Sacckarum officinarum) or the sugar-beet {Beta 
vulgaris). The sugar-cane is grown in the southern U.S.A., 
the West Indies, Queensland, the Philippines and India. 
About twelve months after planting, the canes are cut while 
still green and removed to the mills. About 14 tons of cane 
per acre, having a sugar-content of about 16 per cent., is con- 
sidered a good yield. The green cane, stripped of leaves, is 
pressed between very heavy rollers, which rupture the cells 
and squeeze out the juice. Extraction may be assisted by 
spraying the canes with water. From 75 to 90 per cent, of 
the juice is removed and the exhausted cane or begasse 
is usually used as fuel. The juice is next strained, boiled with 
lime to neutralise free organic acids which would otherwise 
cause hydrolysis or inversion of the sugar, and the scum which 
rises to the top is removed. The liquid is then filtered through 
a filter-press prior to concentration. At one time the evapora- 
tion of the solution over fires caused decomposition of the 
sugar, producing much caramel and yielding a brown, though 
very palatable, sugar. The concentration is now done at a 
much lower temperature (i6o°~i8o° F.) in multiple-effect 
evaporators heated by steam. When the sugar has crystallised, 
the crystals are centrifuged to separate them from the syrupy 
molasses. The solid mass which remains in the centrifuge is 
usually shipped to the consuming countries for refining there. 
Much sugar refining is done at Tiverpool and Greenock, and 
at many of the beet factories when these are not fully engaged 
with their own crop. The refining process involves the use of 
charcoal as a decolourising agent. 

Sugar-beet is widely grown in England and Europe. The 
method of extraction is called the diffusion process.'' The 
beet is cut into slices or “ cossettes " and extracted with water 
at 85^-95'^ F. The plant is arranged so that each cassette " 
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passes from a liquid of higli sugar-content to pure water, with 
the result that extraction is almost complete. The solution, 
on the other hand, as it becomes concentrated meets less and 
less exhausted samples of beet. The process has the further 
advantage that the walls of the beet cells act as filters, the 
gums and proteins being retained and a remarkably pure sugar 
is obtained. The final liquor contains about i8 per cent, 
of sugar. Time is added to neutralise acids and coagulate 
water-soluble proteins and the liquid is treated with carbon 
dioxide. After filtration, to remove the precipitated calcium 
carbonate, etc., the liquid is evaporated under diminished 
pressure. The “ factory white sugar obtained by the first 
crystallisation of the concentrated liquor is usually put on 
the market without further refining. 

The pharmacopoeial tests for purity should be noted. The 
test for ultramarine is necessary as this substance is sometimes 
added as a blueing agent to disguise the brown colour of 
slightly impure sugar. A limit test for reducing sugars is 
given, since these might be produced as a result of accidental 
hydrolysis of sucrose by acids during extraction or purifica- 
tion. Timit tests for barium and strontium are provided, 
since the hydroxides of these metals are capable of forming 
additive compounds with sugar and this property is sometimes 
made use of to recover sugar from molasses. The saccharate 
is decomposed by treatment with carbon dioxide and the in- 
soluble carbonate filtered from the sugar solution. 

For the preparation of other carbohydrates, see starch 
soluble starch, dextrin, honey, and manna. 


GLYCOSIDES 

Glycoeides are substances which on hydrolysis, brought 
by enzymes or reagents, yield one or more sugars among 
■he products of the reaction. The non-sugar part of the mole- 
ule IS termed the aglucone. The name glucoside is strictly 
f to those glycosides which yield glucose on 

h> drolysis. Similarly the term pentoside indicates a glycoside 
^ sugar such as arabinose, ) while rhamno sides 

f (a methyl pentose), CH3.C5H9O5, and rhamno- 

rha^ose and glncose. Although the name 
guccmde is freq^uently used to embrace all the above types 
^ e name glyc^ide is preferable for this purpose. The follow- 
up example may be noted : 
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Glycoside. 

Formula. 

Aglucone 

^Sugars produced on 
* Jjpiteoiysis. 

Salicin 

CeHiiOg.O.CgH^.CHg.OH 

C8H4(0H).CH2.0H 

Saligenin 

CgHiadg 

d-Glucose 

Barbaloin 

^ 20 ^ 20^8 

^ C 15 H 42 O. 

Aloe-emodinantbranol 

CsHjoOs 

d^-Arabinose 

Duabain or 
g-strophanthin 

C 29 H 44 O 22 

^23^34^8 

cmCgH^o, 

Rhamnose 

nucofrangulin 

^27^30^14 

Emodm 

Glucose Rnamnose 


Tlie products of hydrolysis of many glycosides have yet 
to be determined and the following classification will be found 
useful. 


Class. 

1. Anthyaquinone glycosides 

2. Cardiac glycosides 

3. Saponins 

4. Glycosidal Colouring Matters 

5. Cyanogenetic Glycosides 

6- Isothiocyanate Glycosides 


Drugs in which they are found. 


Rhubarb, Senna, Cascara, and 
Aloes . 

Digitalis, Strophanthus, and 
Squill. 

Quillaia, Senega, and Sarsaparilla. 

Senna, and R.ed rose petals. 

Bitter almonds. Cherry-laurel 
leaves, and Prunus serotina 
bark. 

Mustard seeds, and Horse-radish 
root. 


Saponins froth when shaken with water, and in the dry 
state are sternutatory. When hydrolysed by boiling with 
dilute acids a sparingly soluble sapogenin is produced together 
with one or more sugars. Whereas the saponins are proto- 
plasmic poisons and destroy red blood corpuscles when injected 
into the blood stream the sapogenins are usually non-poisonous. 
The glycosidal colouring matters are generally derivatives of 
flavone. Cyanogenetic glycosides, as their name implies, yield 
hydrocyanic acid as one of the products of their hydrolysis, 
while the 4sc?thiocyanate glucosides yield compounds such as 
allyl fsathiocyanate, C3H6-.N : C iS.- 
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The simpler glycosides are commonly colourless, crystalline 
substances having a bitter taste. They are usually soluble 
in water or dilute alcohol forming Isevorotatory solutions. 
Glycosides are usually’- associated in the plant with hydrolysing 
enzymes, a fact which is made use of in the making of medicinal 
preparations from drugs containing cyanogenetic and iso- 
thiocyanate gbmosides. Similarly the action of an oxidase 
enzyme in vanilla pods is encouraged as it leads to the forma- 
tion of vanillin. In many other cases enzyme action is to be 
avoided. In addition to the above relatively simple glycosides 
plants frequently' contain complex glycosidal material such 
as gums, mucilages, tannins and glycosidal resins. 

Glycosides are distinguished from one another by physical 
properties such as melting-point and optical rotation, and 
chemically by the investigation of their products of hydrolysis. 
Reducing sugars may be tested for by means of Pehling's 
solution. Saponins, on hydrolysis, usually give a precipitate 
of the sparingly soluble sapogenin, and cease to froth on 
shaking. Cyanogenetic glycosides yield a blue colour when 
tested -with filter-paper which has been previously treated with 
an alcoholic solution of guaiacnm resin and an aqueous solution 
of copper sulphate or a brick-red colour with sodium picrate 
paper (see p. 458). /sothiocyanate glycosides have a pungent 
taste and when heated with soda-lime yield hydrogen sulphide, 
which gives a dark stain to lead acetate paper. Other tests, 
such as the red colpur given hy salicin and the green colour 
given by A-strophanthin with sulphuric acid are useful in 
special cases. 

Exfcmctioii. — ^ISTo general method can be given for the 
extraction of glycosides, since the method adopted in each 
case must depend on the constituents of the drug other than 
the glycoside and on the relative stability of the active product. 
Some glycerides are readily hydrolysed while others, such as 
aloin, are extremely stable. 

A. Hydrolysis not desired. — ^In many cases use is made 
of the solubility of the glycoside in water [e.g. salicin and 
commercial saponin"*) or alcohol {e.g. convallamarin and 
arbutin). Other substances extracted from the plant, such 
as gums and tannin, are then precipitated by means of lead 
acetate, milk of lime, etc. The liquid is filtered and concen- 
trated, when the glycoside frequently crystalHses out. It may 
be. purified by such means as redissolving and filtering through 
animal charcoal, recxystallisartion, or by washing the crystals 
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witli solvents which remove impurities but do not dissolve 
the glycoside. In other cases inert matter may he extracted 
before any attempt is made to obtain the glycoside, e,g. 
strophanthus seeds are defatted with ether or petroleum spirit 
prior to the extraction of strophanthin. 

B, Hydrolysis recinired. — ^In the case of glycosides of the 
cyanogenetic and ^^56'thiocyanate classes hydrolysis is required 
to take place. The drug is ground, macerated with water for 
some hours, and the volatile products of hydrolysis distilled 
off. The following equations represent the hydrolysis of 
amygdalin (from bitter almonds) and sinigrin (from black 
mustard seeds or horseradish root). In the case of amygdalin 
the two sugars are removed in turn by different enzymes. 


CN 

.,O.CcHio04.0.CeHii05 

Amygdalin 


yCN 

q-H^O CsH^.CHc^ -fC^HiaOe 

(enzyme O.CeHnOg 

amygdalase) Prtinasin Glucose 


/CN 

CsHg.CI-lC; -fH^O 

O-CcHnOg (enzyme 

Prunasin prunase) 


QHs.CHO + HCN+CeHiaOe 
Benzaldehyde Glucose 


: C(S 04 K).S.CeH,i 05 
Sinigrin ' 


O CaHg.N : C : 

(enzyme Allyl iso- 
rnyrosin) thiocyanate 


Glucose 


[Examples of glycosides which are extracted on a commercial 
scale are aloin, salicin, tannin, quillaia saponins, strophanthins, 
and the glycosides of digitalis. 


ALKALOIDS 

The term alkaloid, although formerly used to denote all 
naturally occurring basic substances, is now usually restricted 
to relatively complex basic substances of plant origin possessing 
some physiological action. Alkaloids are cyclic nitrogenous 
bases derived from such compounds as pyridine [e.g. the 
hemlock alkaloids), tropine (the solanaceous alkaloids), 
quinoline (cinchona and nux vomica alkaloids), ^‘so quinoline 
(many of the alkaloids of the Papaveracese) , glyoxaline (jabo- 
randi alkaloids) , and purine (theobromine and caffeine) . 

Alkaloids are usually crystalline, but a few, such as nicotine, 
are liquid. The free bases are usually only slightly soluble in 
water, but the salts which they form with acids are, as a general 
rule, water-soluble. Generally .speaking, the free bases are 
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soluble in organic solvents, and the salts but slightly soluble. 
These facts make the isolation and purification of alkaloids 
relatively simple, and, since the isolation of morphine by 
Sertiirner in i8i6, the number known to science has increased 
year by year. 

Following the synthesis of coniine by hadenburg in 1886 
the structures of many, but by no means all, alkaloids have 
been elucidated. Although plants still form the primary 
source of most alkaloids, and are likely to continue to do so, 
the ^deld may frequently be increased by suitable chemical 
treatment. Examples of this are the working up '' of the 
coca alkaloids into cocaine (see p. 416), and of the ipecacuanha 
alkaloids into emetine (see p. 614.) 

Teste. — ^IVIost alkaloids are precipitated from neutral- or 
slightly acid solution by Mayer's reagent (potassio-mercuric 
iodide solution), solution of iodine, solution of tannic acid 
and saturated solution of picric acid. Alkaloids of the purine 
group (theobromine and caffeine) and colchicine are not pre- 
cipitated by Mayer 's reagent . Purine alkaloids may be identified 
by mixing them with potassium chlorate and hydrochloric 
acid, evaporating to dryness, and exposing the residue to the 
vapour of ammonia when a purple colour is produced (the 
murexide test). Special tests for other alkaloids will be found 
under individual drugs. 

Extracfion. — ^Alkaloids are usually present in plants in 
the form of salts of organic acids or associated with tannins. 
The cinchona alkaloids, for example, are associated with 
quinic acid and a phlobatannin, cinchotannic acid ; the opium 
haloids with mecouic and sulphuric acids ; while the purine 
alkaloids are usually present in the fresh plant as unstable 
alkaloidal-pHobatannin glycosides. As the basic properties 
of alkaloids vary, hydrolysis of the salts takes place to a 
greater or lesser extent. In opium, for example, strong bases 
such as morphine and codeine remain combined with the 
acids, while weak ones such as narcotine are mainly present 
in the free state. 

Widely differing methods of extraction are employed in 
(Merent cases, but the first stage of the process usually cou- 
nts of the liberation of the free bases. This may be done by 
motetening the drug with water and mixing it with an alkali 
such as lime or magnesia. The mixture is then extracted, in 
large percolators or an apparatus of the Soxhlet type, with an 
organic solvent such as alcohol or petroleum spirit. The organic 
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acids and tannins are rendered insoltible by tbe alkali used, 
while the free alkaloids dissolve. The percolate is concentrated' 
tinder diminislied pressure if the alkaloid is liable to decom- 
position. When most of the solvent has been recovered, 
acidified water is added. This throws out- resin from an alcoholic 
menstruum while keeping the alkaloid in solution in the form 
of a salt, or, if an immiscible solvent such as petroleum spirit 
is being used, the alkaloid passes into the aqueous liquid while 
the resin and other non-alkaloidal material remains in the 
organic solvent. In the latter case agitation is necessary to 
assist extraction. 

If alkaloidal salts are required they may be obtained by 
concentrating the acid liquid until crystallisation takes place. 
More frequently, the alkaloids are precipitated by the addition 
of excess of sodium bicarbonate or ammonia, filtered off, 
washed and dried. In practice drugs are usually found to 
contain several alkaloids the separation of which is necessary. 
This is done by fractional precipitation, or by fractional 
crystallisation of such salts as the oxalates, tartrates, or 
picrates. The official assay of cinchona provides an example 
of the separation of alkaloids by means of their tartrates. 

The Pharmacopoeia ensures that allied alkaloids are re- 
moved from official substances by specific tests, e.g. for the 
absence of apoatropine in atropine ; for ^‘soatropylcocaine and 
cinnamylcocaine in cocaine; for '‘other alkaloids'' in hyo- 
scy amine and pilocarpine ; and for " limit of brucine " in 
strychnine hydrochloride. 

Volatile liquid alkaloids such as nicotine and coniine are 
usually prepared by distillation. An aqueous percolate is 
made alkaline with caustic soda or sodium carbonate, and 
the alkaloid distilled off in steam. 

FIXED OILS, FATS, AND WAXES 

Fixed oils, fats, and waxes are esters of aliphatic acids. 
The fatty acid series includes saturated acids such as lauric 
acid C11H23.COOH, myristic acid C13H27.COOH, palmitic acid 
CisHsi.COOH, stearic acid C17H35.COOH, arachic acid 
C19H39.COOH, and melissic acid C29H59-COOH, and unsatu- 
rated acids such as oleic acid C17H33.COOH and hnolic acid 
C17H31.COOII. In fats and fixed oils the above acids are 
combined with the tiihydric alcohol glycerol. On saponifica- 
tion with caustic soda solution a soap and glycerol are formed 

3 



34 


PHARMACOGNOSY 


according to an equation such as the following, which represents 
the saponification of glyceryl palmitate or palmitin : 

CHs-O.CO.CisH,! CHj.OH 

CH.O.CO.C15H3, + 3 ^ =CH.OH + sCisHai-COONa 

! I 

CH*.OCO.Ci5H„ ch^.oh 

Palmitin Glycerol Sodium palmitate 

(a soap) 

Waxes are also esters of fatty acids, but iii this case they 
are combined with the higher monohydric alcohols such as 
cetyl alcohol CigHga-OH, and melissyl alcohol CgcHei-OH. 
The saponification of spermaceti, which consists chiefi^^ of 
cetyl palmitate, may be represented : 

C,5H3i.COOC,eH33 + Na0H=CieH33.0H + Ci5H3,.COON-a 

Cetyl pahnitate Cetyl alcohol Sodium palmitate 

Fixed oils, fats, and waxes may be either liquid or solid 
at ordinary temperatures and of vegetable or animal origin. 
For example, olive oil, cocoa butter, and carnauba wax are 
of vegetable origin, while in the animal kingdom a similar 
gradation of properties is shown by cod-liver oil, lard, and 
beeswax. The fluidity or otherwise of fats and fixed oils 
depends on temperature, molecular weight, and on whether 
the esters are derived from saturated or unsaturated acids. 
For example, liquids such as olive oil and cod-Hver oil are 
rich in esters of unsaturated acids, while oil of theohxoma and 
suet consist chiefly of esters of saturated acids. 

The determination of the chemical constants of oils, fats, 
and waxes is described in the Pharmacopoeia. The amount 
of nnsaturated acids present is indicated by the iodine value. 
Drying and semi-drying oils such as linseed oil and cod-liver 
oil have high iodine values. Since every ester requires a 
definite percentage of sodium hydroxide for its saponification the 
^ponification value of each oil only varies within narrow 
limits and an abnormal value points to adulteration. The 
same remark applies to the iodine value. The use of inferior 
plant or animal material, careless extraction or long storage 
may lead to partial hydrolysis of the esters present with the 
formation of glycerol and a free fatty acid. For example, if 
castor seeds are ground with water and allowed to stand for 
a>me time the liquid soon becomes acid to litmus, owing to 
the action of the Epase present in the seeds on the castor oil. 
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A determination of the amount of free fatty acids present in 
an oil or fat is therefore some indication of purity and freshness. 

Vegetable Oils and Fats 

Vegetable oils and fats occur mainly in the endosperm or 
embryo of the seed. Palm oil and olive oil are exceptional in 
this respect, since they are obtained from the fleshy pericarp 
of the fruit. The production of oils and fats in a form suitable 
for medicinal or dietetic use may be considered in the following 
stages : — 

(i) Initial Treatment. — ^As the fruits or seeds are collected, 
decayed, immature, or over-ripe ones should be rejected or kept 
separate from those in good condition. On arrival at the 
factory it may be necessary to remove sand or other foreign 
matter from the material. This may be done by sieves of 
various degrees of fineness, by means of fans or by gravity 
separation. In the case of American cotton seed the hairs 
adhere very tenaciously to the testa and delinting machines 
must be used. Egyptian cotton seed, on the other hand, is 
usually fairly free from hairs and delinting is unnecessary. 
Cotton seed, linseed, and other small seeds are frequently 
found to contain pieces of iron. As this would be very harmfiil 
to the machinery subsequently used, the seeds are passed over 
an electro-magnetic separator. One 'of these, which is capable 
of dealing with from 20 to 60 tons of seed per hour, is shown in 
Fig. 18. 

(ii) Decortication, — ^In the case of many oily seeds, 
notably castor seed and coconut copra and fruits such 
as the earth nut {Arachis hypogcea), it is necessary to remove 
the testa or pericarp, which contains no oil. This is done by 
passing the material between rollers with sharp cutting edges 
or grooves which break the testa or pericarp without injuring 
the oil-containing “ kernels. Material passing uncracked 
through the first set of rollers may be passed through a second 
“ huller * in which the rollers are set more closely. Shaking 

* Por the benefit of those wishing to read technical works on the pro- 
duction of oils and fats it will be useful to mention a few terms applied to 
the materials, which do not clearly indicate their botanical nature. The 
terms “ seed " and " nut ” are applied to a fruit or to the seed which still 
possesses its testa. The pericarp or testa is the “ shell," " cortex,” “ husk,” 
or ” hull,” and is cracked to separate the oil-containing ” kernel ” or ” meat.” 
The oily mesocarp of palm and olive fruits is termed the '' pulp.” Machinery 
is often named after the particular part of the plant with which it has to deal 
as in the case of the ” huller ” mentioned above. 

The oil machinery illustrated in this chapter is made in Nottingham by 
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screens are attaclied to the machines to sift the broken hulls 
and untouched fruits from the kernels. In the case of the 
decorticating machine shown in Fig. 19, which is used for 
castor seeds, '' the shell and kernel drop from the rolls on to a 
shaking separator which separates the kernel from the husk, 
and both husk and kernel pass through a blast of air, which 


A 



Electro-Magnetic Separator. A, feed hopper; B, '‘feelers^’ 
“ magnetised as they approach the magnetic drum and 

^um, they l^ome demagnetised and the iron is thrown off • C the 
belt carr^^mg the seed. (Manlove, AUiott & Co., Ltd., Nottingham )’ 

is deliver^ by a blower through the delivery spout of such 
a ^rength as to divert the husk whilst permitting the kernel 
to flow m the right direction/^ In the case of palm and olive 


valuable article by Mr. B. P Flockton 
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oils, where the perioarp contains the oil, somewhat different 
methods apply. The palm yields two oils, “ pulp oil or 
^'palm oil/' obtained from the pericarp, and “palm kernel 
oil," from the seed. The former is first prepared by the 
“ centrifuging process," described below. The “ nut " which 
remains is then shelled and palm kernel oil obtained from it 
by hot expression. OHves are often ground whole in edge- 
runner mills and then subjected to cold expression. 

(iii) MOling. — ^The oil- containing kernel or, in such cases 
as linseed the whole seed, is next carried by gravity or belt 



Fig. ig. — Castor Seed Decorticator, (Manlove, Alliott & Co., Ltd., 
Nottingham.) 

conveyers to a further set of rollers, which are designed to 
cut up rather than to crush the seeds. The degree of fineness 
required varies with the nature of the material and with the 
process of extraction to be afterwards used. If a fine powder 
is required this is obtained by passing the meal through a set 
of “ finishing " rollers or it is ground in mills. Tor the “ hot- 
expression " process too fine a meal is not required. 

(iv) Extraction may be effected by pressing the meal, with 
or without previous heating, by means of solvents, or, in the 
case of pulpy fruits, by means of centrifuges. 
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(a) Pressure is used for extracting most of tlie oils used 
in medicine, since it gives a product little contaminated with 
non-fatty material. Pot medicinal oils, like '' cold-drawn '' 
castor oil, the milling stage is often omitted and the kernels 
delivered into a “ cage press/' where 6-inch layers of kernels 
are separated by means of steel plates until the hydraulic 
press is full. The press is made of vertically arranged steel 
bars set about inch apart (Fig. 



20). In this particular case a 
pressure of 35 cwt. per sq. inch is 
applied to give the finest oil, which 
escapes between the bars and is 
collected. The residual cake is 
then broken between rollers, 
heated and moistened with steam 
in a “ heating kettle," and again 
pressed in a cage press. In the 
second pressing about 3 tons 
pressure per sq. inch is used. 
Another type of press, which is 
often used when the material is 
in the form of meal, is made of 
horizontal plates between which 
the meal is placed in press-bag- 
ging. The machines shown in the 
foreground of Fig. 21 are for 
moulding the meal into the 
press-bagging and for paring the 
press cake into a regular shape 
for cattle feeding. Behind these 
will be seen an Anglo-American 
press of the type just described, 
a heating kettle, and a set of 


Anglo-American rolls. Hot ex- 
tovr iitott 1^'., 'S; prf Sion aUows of more complete 
Nottingham.) extraction than cold expression, 

and for relatively cheap oils, 
such as cotton-seed oil and linseed oil, which are used for 
technical purposes, a cold expression is omitted. The coarse 
meal is deUvered to a steam-heated kettle fitted with agitating 
gear in which it is heated to about 170° F. and about 15 per 
^t. of moisture added. The hot meal is then filled into press- 
bagging by means of the hydrauKc moulding machines and 
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placed in the press, where it is usually subjected to a pressure 
of about 1,500 lb. per sq. inch. In the case of cotton seed the 
cake then contains about 4*5 to 5 per cent, of oil. By adjusting 
the pressure used the amount of residual oil can be arranged 
to meet the requirements of the cattle cake market. 

(b) Solvent extraction is suitable for technical oils and 
gives almost complete extraction of the material. It may be 
used to extract the whole oil-content of the seed or may be 
applied to the press cake remaining after the expression pro- 
cess. The material is coarsely milled and a solvent, such as 
“ benzine '' or trichlorethylene westrosol passes through 


Fig. 21. — A Self-contained Anglo-American Oil Mill. (Manlove, Alliott & 
Co., Ltd., Nottingham.) 

it in a series of large vessels at a temperature a little below 
the boiling-point of the liquid. The solution of the oil is 
passed into a still in which most of the solvent is recovered. 
From this “ stripping-still the oil is passed down a fractionating 
column against a current of steam which carries off almost every 
trace of the solvent. The oil is allowed to settle and is 
strained from any deposit. 

(c) The Centrifuging Process. — This method, suitable for 
a rdatively pulpy material, has been successfully applied to 
the production of palm oil. The whole fruits are heated in 
steaming ovens, then in macerating machines, where they are 
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sprayed with steam, and finally, to a very high temperature, 
in steam-heated vessels. From the latter the oily mass is 
run into a centrifuge which is revolved at a high speed until 
the extractor contains an almost dry mass of fibre and nuts, 
all the oil being thrown into an outer jacket. As previously 
mentioned, the kernels contain a second oil, which is now obtained 
by dr3ing the nuts, cracking them and extracting the kernels. 

(7) Eefining consists of chemical treatment designed to 
produce a clear odourless oil, free from rancidity. Cold- drawn 
oils usually require no treatment other than filtration. After 
determining the free fatty acid in the crude oil, the theoretical 
amount of aqueous sodium hydroxide is added to the oil in a 
neutralising vessel fitted with agitating gear. The oil is heated 
and the fatty acids react with the alkali to form soap which, when 
stirring is stopped, sinks to the bottom. The oil is drawn off 
and passed through a filter press. Fdible oils undergo subse- 
quent washing with water and decolourisation with fuller's 
earth or kieselguhr, and are finally deodorised. The latter 
process consists of the removal of volatile acids " by means 
of superheated steam. The refined oil, now dried and almost 
odourless, is allowed to cool before being exposed to the air 
{as atmospheric oxidation takes place more rapidly with a 
hot oil), and fidled into suitable containers. 

Cotton-seed oil is often refined, and it will he noted that the 
Pharmacopoeia requires it to he free from alkali. 

Animal Oils and Fats 

Animal oils and fats may be extracted by expression or 
by means of solvents, but the process of “ rendering " is the 
most usual one. The minced animal tissues are treated with 
hot water or steam in lead-lined tanks, or by steam under 
pressure in “ digesters. " The oil or fat separates out and may 
be drawn off and cooled. For details of rendering, refining, and 
hydrogenating animal fats reference should be made to larger 
works. The extraction of cod-Hver oil is described on p. 656. 

Animal and Vegetable Waxes 

The fact that waxes are obtained from such widely different 
in^es it impossible to indicate a method of extraction 
which will apply to all cases. A few examples will therefore 
be given. Camauba wax, an important article of commerce 
occ^^ on the leaves of the Brazilian wax palm, Co'pernicia 
c^fem, from which it is scraped, clarified in boiling 
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water, refined, and bleached. Beeswax is obtained from the 
honeycomb by melting under water and straining. From the 
yellow beeswax so obtained the white beeswax may he pre- 
pared by bleaching (see p. 649). Spermaceti is prepared from 
the crude sperm oil drawn from a cavity in the head of the 
sperm whale. As the crude oil cools the spermaceti separates 
out. It is purified by melting, washing with dilute alkali, and 
finally with pure water. 

VOLATILE OILS 

Volatile or essential oils are usually mixtures of the terpenes 
and their derivatives. Exceptions to the above rule are oil 
of mustard, oil of wintergreen, volatile oil of almonds, and oil 
of chamomile. Under the name terpene one usually includes 
the true terpenes of the formula CioHig, the sesquiterpenes, 
C15H24, and the diterpenes, C2oIl32- From these three types 
of hydrocarbons are derived the numerous alcohols, phenols, 
ketones, aldehydes, and esters which are found in volatile 
oils. As their name implies, these oils are volatile in steam. 
They thus differ markedly in both chemical and physical 
properties from the fixed oils. 

With the exception of oils such as oil of bitter almonds, 
which are produced by the hydrolysis of glycosides, volatile 
oils are contained as such in the plant. They are secreted in 
oil cells or in secretion ducts and cavities, where they are fre- 
quently associated with other substances such as gums and 
resins. Volatile oils are used for their medicinal action {e.g. oil 
of eucalyptus), for fiavouring {e.g. oil of lemon), or in per- 
fumery {e.g. oil of rose). In pharmacy, however, oils are used 
for all three purposes. The various methods of extraction 
may be indicated under the following headings : 

Extraction of Official Oils. — ^All the official volatile oils 
are extracted by distillation, with the exception of oil of lemon 
(see p. 432) and oil of cade (see p. 218). 

The distillation of volatile oils by means of water or steam 
has long been practised, but modern plant for the purpose 
possesses many advantages over the older stills, in which 
charring and undesirable decomposition of the oil often took 
place. From the principles of steam distillation * it will be 
evident that oils with a boiling-point considerably over roo° 
will pass over with steam. Modern volatile oil stills contain 

* See Bentley's Teivt Book of Pharmaceutics, p. 202, and Figs. 73 and 74. 
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the raw material on perforated trays or in perforated baskets. 
The still contains water at the base which is heated by steam 
coils, and free steam under pressure may also be passed in: 
Tough material such as barks, seeds, and roots may be com- 
minuted to facilitate extraction, but flowers are usually placed 
in the still without further treatment as soon as possible after 
collection. 

The distillate, which consists of a mixture of oil and water, 
is condensed and collected in a suitable receiver. Xhe latter 
is usually a Florentine flask or a large glass j ar with one outlet 
near the base and another near the top. The distillate separates 
into two layers, the oil being withdrawn through the upper 
outlet and the water from the lower outlet, or vice versa in 
the case of oils such as oil of cloves which are heavier than 
water. The aqueous la3^er, which is saturated with oil, may 
be returned to the still or may form an article of commerce, 
as in the cases of rose water and orange-flower water. 

Certain official oils, e.g. oil of cajuput, oil of caraway, oil 
of turpentine, and oil of Australian sandalwood, are rectified. 
Rectification usually takes the form of a second distillation in 
steam, which frees the oil from resinous and other impurities. 
The efiect of rectification is seen if a sample of bluish B.P. 1914 
oil of cajuput is compared with that now official, or if official 
oil of turpentine is compared with the nnrectified product. 
Tight and atmospheric oxygen appear to have an adverse 
effect on most volatile oils and the official directions W'ith 
regard to storage should be rigidly followed. The distillation 
of oil of chenopodium must be done as rapidly as possible, as 
the chief constituent, ascaridole, gradually decomposes on 
boiling with water. 

Exfeacfion of Oils Used in Perfumery. — Certain oils used 
in perfumery, such as oil of rose, are prepared by steam dis- 
liilation as described above, but many of the flower perfumes 
require other treatment. The most important centre for the 
extraction of flower oils is Grasse, in the south of France. 
Here the oils are extracted by enfletirage, by digestion in 
melted fats, by pneumatic methods, or by means of solvents. 
In the enfleurage process glass plates are covered with a thin 
layer of fixed oil or fat upon which the fresh flowers are spread. 
The volatile oil gradually passes into the fat and the exhausted 
flowers are removed and replaced hy a fresh supply. Formerly 
the flowers had to be picked off by hand, but this is now done 
mechanically. Only a small percentage of the flowers, which 
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resist the action of the machine, require removal by the fingers 
or by means of a vacuum cleaner. The pneumatic method, 
which is similar in principle to the enflenrage process, involves 
the passage of a current of warm air through the flowers. The 
air, laden with suspended volatile oil, is then passed through 
a spray of melted fat in which the volatile oil is absorbed. 
In the digestion process the flowers are gently heated in melted 
fat until exhausted, when they are strained out and the 
perfume-containing fat allowed to cool. It will be seen that 
in each of the above processes the volatile oil has now been 
obtained in a fatty base. The volatile oil is obtained from this 
by three successive extractions with alcohol. The alcoholic 
solutions may be put on the market as flower perfumes or the 
oil obtained in a pure form by recovery of the alcohol. Kxtrac- 
tion by means of solvents is based on the Soxhlet principle."*" 

RESINS, GUM-RESINS, AND SIMILAR 
SUBSTANCES 

The term '' resin '' is applied to more or less solid, amor- 
phous products of complex chemical nature. On heating 
they soften and finally melt. They are insoluble in water, and 
usually insoluble in petroleuni spirit, but dissolve more or less 
completely in alcohol, chloroform, and ether. Chemically, 
resins are complex mixtures of resin acids, resin alcohols 
(resin ols) resin phenols (resino-tannols) , esters, and chemically 
inert compounds known as resenes. Resinotannols differ from 
tesinols in that they give a tannin-like reaction with ferric 
chloride. 

Resins, as described above, are often associated with 
volatile oils (oleo -resins) , or with gums (gum- resins), or with 
oil and gum (oleo-gum-resins) . No hard and fast distinction 
can, however, be made between these groups, since products 
such as mastich and ammoniacum, which are usually considered 
as a resin and a gum-resin respectively, both contain volatile 
oil. Resins may also be combined in a glycosidal manner with 
sugars, as in the resins of the Convolvulacese. 

The term “ balsam '' is often wrongly applied to oleo- 
resins such as Canada turpentine and copaiba, but should be 
reserved for such substances as balsam of Peru, balsam of 
Tolu, and storax, which contain a high proportion of aromatic 
balsamic acids. These balsams are partially soluble in water, 

* For details see W. A. Poucter's Perfumes, Cosmetics, and Soafs. 
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owing to tlie solubility of benzoic and cinnamic acids, whilst 
resins are insoluble. Benzoin is perhaps best described as a 
balsamic resin. 

The aboTe products are usually contained in schizogenous 
or scHzol^'sigenons ducts or cavities. They are often pre- 
formed in the plant [i,e. they are normal physiological pro- 
ducts), but the ^deld is usually increased by injury, e.g. in the 
case of Pintis, Many products, e.g. benzoin and balsam of 
Tolu, are not formed by the plant until it has been injured : 
that is, they are of pathological origin. In passing it may be 
mentioned that some gums, e.g. tragacanth, are physiological 
products, whilst others, e.g. acacia, are of pathological origin. 
The gums which are often associated with resins and volatile 
oils usually resemble acacia gum in chemical nature and in 
the fact that they are often accompanied by oxydase enzymes. 
While resins are usually produced in ducts or cavities, they 
may be found in other positions, e.g. in the resin cells of 
bloodroot, in the elements of the heartwood of guaiacum, the 
external glands of Indian hemp, the internal glands of male 
fern, or the glands on the surface of the lac insect. 

No general method can be given for the preparation of 
these substances, but students should refer to the preparation 
mentioned .elsewhere of resins (colophony, dragon's blood, 
guaiacum, and shellac), oleo-resins (copaiba and crude tur- 
pentine), gum-resins and oleo-gum-resins (myrrh, asafetida, 
and gamboge), and balsams (storax, balsam of Peru, balsam 
of Tolu, and benzoin). In each case note should be taken of 
the origin of the drug in the plant system. 

Among the products not yet mentioned in this chapter 
reference may be made to euphorbium and guttapercha, 
which are produced in latex cells, and opium, which is formed 
in latex vessels. Certain types of secretory organ occur with 
some regularity in particular plant families and genera, and 
such structures are therefore of considerable diagnostic im- 
portance, e.g. the vittae of the UmbelUferae and the latex 
vessels of a portion of the Compositae. 



CHAPTER IV 

ENZYMES IN VEGETABLE DRUGS* 

Enzymes are organic catalysts produced by living cells. A 
more precise definition is difficult to give since their chemical 
constitution is at present unknown. Enzymes are concerned 
in most of the metabolic processes of the plant such as the 
synthesis and hydrolysis of polysaccharides, glycosides, 
proteins, fats, and fixed oils. The enzymes bringing about 
these changes in the above groups of compounds are known 
as polyases, glycosidases, proteases, and lipases respectively. 
Many of the changes produced by enzymes in the plant only 
take place in the laboratory with considerable difficulty and 
under quite different conditions from those found in living 
matter. As Bechhold states : — 

"To split complex molecules, chemists have to employ powerful re- 
agents, such as acids, alkalies, etc. They smash, as it were, the clock- 
work and then pick out the undamaged particles. J ust as a watchmaker 
employs for each screw a suitable tool or a specially made pliers, so nature 
has constructed delicate instruments for this purpose. Enzymes are 
such tools for the chemical breaking down or building up of molecules." 

An enzyme usually acts on one substance or class of sub- 
stances since it is specific for a particular atomic group or link- 
age. If the compounds containing that linkage are relatively 
few the enzyme will he regarded as highly specific and vice versa. 

The amount of material which an enzyme will convert is 
many thousand times its own weight, and the gradual diminu- 
tion in activity which takes place is probably due to secondary 
reactions which bring about destruction of the enzyme. 

Like other catalysts enzymes influence the rate of a 
reaction without changing the point of equilibrium. For 
example, lipase catalyses either the synthesis of glycerides 
from glycerol and fatty acids or the hydrolysis of glycerides, 
the final point of equilibrium being the same in either case. 
Similarly ^-glucosidase (prunase) has been used both for the 
synthesis and hydrolysis of ^-glucosides. In plants such 
reversible reactions may proceed in one direction or the other 

* Enzymes of animal origin are dealt with in A Textbook of Physiology 
for Pharmaceutical Students by H. H. Barber, B.Sc., Ph.D., F.I.C., a com- 
panion volume to tMs book. The present chapter is therefore confined to 
enzymes of vegetable origin. 
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under different conditions. In digitalis, for example, it lias 
been shown that the amount of glycosides present in the leaf 
varies at different times of the day and tinder different con- 
ditions of illumination, whilst in Virginian prune bark and 
willow barks there is considerable seasonal variation in the 
amount of glycosides. 

Enzymes are colloidal and non- diffusible and may be partly 
purified by fractional precipitation, dialysis, etc. It is 
extremely difficult, however, to free enzymes completely from 
the carbohydrate and protein material with which they are 
associated. Enzt-mes appear to become less*’ "stable when 
attempts are made to free them from these substances, the 
presence of which in small amounts is usually of little practical 
importance. 


A crude enzyme -containing preparation which is widely used for 
the hy<holysis of ^-glucosides is almond emulsin. This is a mixture 
containing at least three enz5anes, namely, ;8-glucosidase (pruiiase) 
which acts on many ;g-glucosides (e.g. prunasin, salicin, etc.) and 
amygdalase and oxymtrilase which are specific for amygdalin and 
mandelonitrile respectively (see p. 457). A solution of emulsin may 
be prepared by infusing some coarsely powdered sweet almonds in 
cold water. To the strained solution add a little acetic acid which 
precipitates some of the proteins, and filter. The addition of an 
equal volume of alcohol then causes the precipitation of emulsin 
which may be^ collected on a filter, washed with alcohol, and dissolved 
in water. This solution may be used for experiments on the hydrolysis 
of glucosides, and on the effect of the acidity or alkalinity of the medium 
and heat on enzymic activity. 


The activity of enzymes is markedly affected by the 
reaction of the medium and the presence of substances such as 
salts. It is "well known, for example, that pepsin works best 
in an acid medium and trypsin in an alkaline one. In general 
car^ydrases have pH optima of 3-8 to 7-5. Upases optima 
ot pH 5 to 8, -whilst enzymes which act on bases all have 
optuna more alkaline than pH 7. 

- enzymes is of considerable importance 

m the drying of drugs. At low temperatures enzymic changes 
are not usuaUy marked although the proteolytic or protein- 
sphttmg enzymes in cod Kvers do bring about some hydrolysis 
at temperatures approaching zero (see p. 657). The optimum 
worfc^ temperatures of different enzymes varv, but they 
nsml^e ^tween about 35“ and 50° At tempe/atures about 
60 destruction of the enzymes is usually fairly rapid although 
considerable loss may take place below tHs temperature. 
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Tlie^ term optixatLm working temperature'" kas no precise 
significance, for altliotrgli increased temperature usually 
accelerates enzymic activity the increase may be more than 
compensated for by the destruction of the enzyme. The time 
req[uired to attain equilibrium depends, of course, not only on 
the temperature but on the relative amounts of enzyme and 
substrate employed. In the drying of drugs the heat causes 
changes in the cell sap and loss of water both of which may 
infiuence enzyme action. In the interval between the collec- 
tion and drying of a drug changes may take place which are 
desirable, c.g. gentian, 'Nor undesirable, e.g. belladonna. When 
dry enzymes show increased resistance to heat, thus zymase, 
which in the presence of moisture is rapidly inactivated at 50°, 
will when dry resist a temperature of 85°. 

Bnzymes are classified according to the reactions which 
they catalyse, the name of the enzyme being formed by 
adding the suffix -ase '" to the name of the substrate on 
which it acts. Thus inulase acts on inulin, gentiobiase on 
gentiobiose, and so on. Classes of enzymes may be named 
similarly, the term ''esterase,"" for example, including lipases 
which hydrolyse fats, chlorophyllase which hydrolyses chloro- 
phyll, etc. Many names such as pepsin, prunase (j8-gluco- 
sidase) , diastase (amylase) , which were well established before 
the introduction of the present system of nomenclature, are 
still em]3loyed, as also are the names of enzymic mixtures such 
as emulsin and zymase. 

Enzymes Hydrolysing Esters (Esterases). — ^To this group 
belong the lipases, which act upon an enormous number of 
compounds. All lipases, whether of animal '^-rigin nr vegetable 
origin, e.g. castor seed lipase, hydrolyse glycerides. Mam- 
malian lipases also hydrolyse such different esters as phenyl 
salicylate, acetyl choline, and atropine. Other esterases are 
chlorophyllase and tannase. Esterases probably occur in 
many drugs which contain volatile esters, e.g. valerian. 

} Enzymes Hydrolysing Sugars. — To this group belong sucrase 
;(iLvertase) , lactase, maltase, and gentiobiase, which hydrolyse 
’'litcrose, lactose, maltose, and gentiobiose respectively. 

I Enzymes Hydrolysing Polysaccharides. — Such enzymes, which 

t e termed polyases, include the amylases (diastases) which 
ydrolyse starches, the cellulases which h^^drolyse celluloses, 
hemicellulase, mannanase (seminase) , and inulase. 

Enzymes Hydrolysing G-lycosides . — ks previously mentioned 
p-glucosidase (prunase) hydrolyses ^-glucosides. The corre- 
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spending a-glncosides, wliicli do not appear to be common in 
nature altliotigh they can be prepared in the laboratory, are 
hydrolvsed bv a-glticosidase (maltase). It may be pointed 
out that the disaccharide maltose, which is also hydrolysed by 
this enzyme, yields two molecules of glucose on hydrolysis and 
may be regarded as a-glucose glticoside. More specihe glyco- 
side-splitting enzymes are salicase, amygdalase, sinigrinase 
(myTosin) , and digipurjDidase which act on salicin, amygdalin, 
sinigriii, and desacetyldi^lanid respectively. Glycoside- 
splitting enz^mies produce important changes in vanilla pods, 
gentian, and cascara. 

Enzymes Hydrolysing the C— H Linkage. — ^Xhis class is 
represented in the animal kingdom by pepsin, trypsin, and 
erepsin. In the vegetable kingdom we find papain, aspara- 
ginase, urease, etc. Papain, which is present in the unripe 
fruit of Carica Papaya, hydrolyses proteins either in acid or 
alkaline media. Asparaginase, which is present in yeast, is a 
deaminating enzyme acting on substances such as asparagine 
(see althaea, p. 399, and liquorice, p. 474). Urease, which is 
present in soya beans, converts urea into ammonia and carbon 
dioxide, and is used in the determination of urea in body fluids. 

Oxidases and Reductases. — Since any oxidation implies a 
simultaneous reduction the names oxidase and reductase may 
be applied to a single type of enzyme. A large number of 
so-called oxidases are not true enzymes since they are heat- 
stable. The following groups may be noted : — 

1 . Oxygenases . — These are organic or inorganic thermolabile 
complexes which take up oxygen with the formation of peroxides. 

2. Peroxidase . — ^These are substances which increase the 
oxidising power of the peroxides mentioned above. The name 
is applied both to thermolabile and thermostable substances. 
The so-called oxidases are usually mixtures of r and 2, which 
form peroxide-peroxidase systems. 

3. Catalases are enzymes which catalyse the decomposition 
of hydrogen peroxide to oxygen and water. 

Oxidases are present in fresh digitalis leaves and horse-| 
radish root and in acacia. If a drug contains a peroxideJ 
peroxidase system it causes fairly rapid blueing of tincture o| 
guaiacum alone. This is easily shown on a slice of potateS 
If a blue colour does not rapidly appear with guaiacum alone 
but does so in the presence of hydrogen peroxide, then only a 
peroxidase is present. Moist opium is said to contain a 
peroxidase called opiase. 



CHAPTEE V 


THE CULTIVATION OF MEDICINAL PLANTS 

By H. M. F.R.H.S., and G. E. Trkase 

Certain drugs are now obtained almost exclusively from 
cultivated plants. These include cardamoms, Indian hemp, 
ginger, Ceylon cinnamon, linseed, fennel, cinchona, and opium. 
In other cases both wild and cultivated plants are used. Some 
plants have been cultivated from time immemorial, e.g. flax, 
opium, poppy, and coca. Others are now grown because 
supplies of the wild plants are insuf&cient to meet the demand 
or because, owing to sparse distribution or inaccessibility, 
collection is difficult. Cultivation is essential in the case of 
drugs such as Indian hemp and opium which are subject to 
government control, and in many cases it is advisable because 
of the improved quality of the drug which it is possible to 
produce. The improvement may be due : — 

[a) To the power to confine collection to species, varieties, 
or hybrids which have the desired characters, e.g, aconite, 
cinnamon, fennel, cinchona, and valerian. 

( 5 ) To the better development of the plants owing to 
improved conditions of the soil, pruning, and the control of 
insect pests, fungi, etc. 

(c) To the better facihties for treatment after collection. 
For example, drying at a correct temperature in the cases 
of digitahs, colchicum, belladonna, and valerian, and the 
peeling of cinnamon and ginger. 

A commercial grower of medicinal plants needs : — 

(1) Land which is reasonably cheap and suited to the plants 
which it is desired to grow. 

(2) Available labour when required. 

(3) An assured market and suitable transport facilities. 
Preferably the farm should be situated near a pharmaceutical 
laboratory where galenicals can be manufactured, particularly 
at times when the crop is abundant and the market well 
supplied with crude drug. 

(4) A practical experience of horticulture and agriculture. 
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TMs will include a knowledge of soils, manures, methods of 
propagation, means of defence against ftingi, insects, and 
other pests, and in addition a knowledge of the methods of 
collecting, dr^dng, and packing the drugs. 

(5) Sufficient capital to meet all expenses for the first few 
years and provide facilities for drying, distilling volatile oils, etc. 

For success in cultivation it is necessary to study the 
conditions under which the plant flourishes in the wild state 
and reproduce these conditions or improve on them. 

Climate. — Plant growth is effected by temperature, rainfall, 
aspect, and altitude. In general the highest temperatures are 
experienced near the Equator, but as the temperature falls 
atx>ut I® for eveiy- 343 feet of elevation, it is possible in, say, 
Jammca to have a tropical climate on the coast and a temperate 
one in the mountains. The annual variations in temperature 
are just as important as the temperature of the hottest month. 
At ^Singapore the annual range of temperature is as little as 
2-5’^ F., whereas Moscow, with its hot summer and cold winter, 
has a range of 52*7° F. 

Plants vary much both in the amount and intensity of the 
hght which they require. ^ In the wild state the plant will be 
found^ where its shade requirements are met, and under cultiva- 
tion similar shade must be provided. In certain cases research 
has showTi that light is a factor which helps to determine the 
amount of glycosides or alkaloids produced. A northern and 
an eastern asjiect are usually colder and moister than southern 
or westerly ones, but this is often modified by the lie of the 
laad.^ In tropical cKmates wind protection is often necessary 
and IS afforded by planting shelter belts of plants such as 
Ktctnms commums. 


Altitude must also be considered. The coconut palm needs 
a maritime climate, and the sugar cane is a lowland plant. 

(3.000-6,000 feet), cacao (300-500 feet) 
mS^ (2,500-5,000 feet), medicinal rhubarb, tragacanth, and 
^chona require elevation. In the case of Cinchona succirubra 
grow well at low levels bat produce practically no 


Ra^aU bp a great influence on vegetation. Not onlv 
rai^all be considered but whether it is evenly 
A^bated tfcou^ont the year or whether it occurs only at 
penods. Thus in the cultivation of cacti, etc^ in 

conditions 
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A study of tlie following table will give some idea of the 
climatic conditions in different parts of the world : — 


Temperature and Rainfall, Statistics 



Mea^i 

Temp. 

of 

Hottest 

Month 

Hottest 

Months 

A nnual 
Range 
of 

Temp. 

A nnual 
Rainfall 

Wettest 

Months 

North America. 




inches 


Winnipeg- 

78° F. 

June-Aug. 

68-3° F, 

20*4 

May-Aug. 

New York 

83° F. 

June-Aug. 

43 * 5 ° F. 

43-8 

Uniform. 

New Orleans., j 

90® F. ! 

June-Aug. 

27 - 5 “ F. 

57*5 

Uniform. 

West l7idies. \ 






Kingston 

90® F. 

Uniform. 

5-0° F. 

31-5 

All wet, especi- 
ally Aug.— Nov. 

South America. 






Lima . . 

84-" F. 

Uniform. 

12-5° F. 

2*1 

Aug. and Sept. 

Asuncion 

94° F. 

Dec.-Feb. 

20*5° F. 

51*8 

Oct.-May. 

Bahia 

Europe. 

92® F. 

Uniform. 

6-0^ F. 

76*5 

All wet, especi- 
ally May-July. 

London 

72® F. 

June-Aug. 

20*6° F. 

24-5 

Uniform. 

Bordeaux 

80® F. 

1 July-Sept. 

25-1° F. 

33-4 

Uniform. 

Moscow 

77 ° F. 

July-Sept. 

52 - 7 ° F. 

21’0 

All wet, especi- 
ally June-Sept. 

Africa. 






Alexandria . . 

88° F, 

July-Sept. 

22-6° F. 

8-0 

Nov.-Feb. 

Timbuktu 

II 3 ®F. 

M arch-Oct. 

24*2° F. 

8*6 

July and Aug. 

Nairobi 

78® F. 

Uniform. 

6*4° F. 

40-1 

Feb .-June and 
Oct .-Dec. 

Cape Town . . 

0 

0 

00 

Dec.-March. 

I 5 ‘ 5 ° F. 

25'0 

May-Sept. 

Asia. 






Baghdad 

no® F. 

June-Sept. 

46'0® F. 

6*6 

Nov.— April. 

Delhi . . 

100° F. 

Ma 57 -Aug. 

36-1® F. 

28*3 

July-Sept. 

Mangalore 

92*^ F. 

Uniform. 

6-3° F. 

125-7 

June— Aug. 

Singapore 

88® F. 

Uniform. 

1 

2-5“ F. 

95-0 

All wet, especi- 
ally Nov.- Jan. 

A ustralasia. 






Daxwin 

06° F, 

Uniform. 

8-5® F. 

61-9 

Nov.— March. 

Alice Springs 

98“ F. 

Nov.— March. 

35 * 7 ° F. 

ii-i 

Jan.-March. 

Brisbane 

85° F. 

Dec.— March. 

ig-o® F. 

45-3 

All wet, especi- 
ally Dec.- 

March. 

Chris tch-QTch . . 

70° F. 

Dec.— March. 

i8*9® F. 

25-2 

Uniform. 


Climatic Types of Vegetation . — The chief types of vegetation 
are woodland, grassland, and desert. Woodland is known as 
forest when the trees are close together, hushwood if shrubs are 
suf&ciently abundant to keep the crowns of the trees from 
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toiicliing, and. shyiibwood ■wiLcn sIhtiIds arc tlic cliicf feature. 
According to moistrire suppl3^ grassland is divided into meadow 
and steppe. Xeropliilous grassland with isolated trees is 
called savannah. 

A- Tropical Woodlands. — Tropical Rain-Forests, such as 
are found in parts of Brazil, Southern Nigeria, Burma, and 
Malaya, onl^- occur when the rainfall exceeds 40 inches. Their 
flora consists of evergreen trees at least 30 feet high, large 
Hanes, and wood^^ epiphytes. Moiisoon-forests occur on the 
Malabar Coast and in Western Ceylon, Bengal, and Indo- 
China. In these the trees are typically smaller than those in 
a rain-forest and more or less leafless during the dry season. 
Savannah-forest is found in Minas Geraes (Brazil). The trees 
are usually less than 20 feet in height and often leafless in the 
dr3’ season ; there is little underwood but terrestrial herbs, 
especially* grasses, are numerous. Thorn-forests are found in 
Mexico and Bahia (Brazil). They resemble savannah-forests 
in height and leaf-fail, but thom-plants, underwood, and slender 
Hanes are abundant, while terrestrial herbs are few. 

B. Tropical Grasslands of the savannah and steppe types 
are found in Africa, South America, etc., where there are 
definite dry and wet seasons. The grasses may attain 6 feet 
in height and are often intermingled with herbaceous perennials, 
undershrubs, and isolated trees. 

C. Temperate Woodlands. — In temperate climates there are 
fewer arborescent genera than in the tropics, but shrubs and 
herbs are well represented. Where the winters are mild the 
trees are evergreen or green during the rainy period, and 
have only a partial winter rest, but where the winters are cold 
(mean temperature of the coldest month about 6°) many 
trees are dormant and leafless. Conifers are particularl57' 
abundant on sandy?* or swampy soil and on mountains. Mild 
temperate districts with winter rain, e.g. the Mediterranean, 
South Australia, and California, possess evergreen, xerophytic 
trees such as the olive. With increased dryness thorn- 
woodland develops. 

B- Temperate Grassland. — ^In the warmer temperate regions, 
e.g. South Africa and the Pampas of South America, the 
grassland approaches that of the tropics, but trees, when 
present, are usually smaller. In the colder temperate regions 
the grassland is meadow or steppe according to the moisture 
conditions. 

Soils differ from one another both in physical and chemical 
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properties. vSoil is composed of mineral matter^ formed by 
the weathering of rocks, and decaying organic matter or 
humus. Other things being equal, soil composed of hne 
particles, e.g, the soil of deltas, is more fertile than that 
composed of larger particles. Soils may he separated into 
particles of different sizes which are referred to as follows : — 


Fine Clay or Colloidal Clay 

Coarse Clay 

Fine Sand 

Coarse Sand 

Fine G-ravel 

Coarse Gravel- Rock . . 


CO *002 mm. 
o •02-0-002 mm. 
0*2-0 -02 mm. 
2-0-2 mm. 

20-2 mm. 

>20 mm. 


The amount of water which remains in a soil after any 
excess has drained away is termed the absolute water-capacity . 
A coarse sand has an absolute water-capacity of 13-7 per cent, 
of its volume, a true clay one of 40-9 per cent. The air- 
capacity of a soil is inversely proportional to water-capacity 
and, since good aeration is essential for root development, 
land which is inclined to become water-logged must he drained. 
Sandy soils are very permeable, i.e. they readily allow water 
in excess of their absolute water-capacity to drain away. 
Clays, however, offer considerable resistance to filtration. 
On the other hand, clays possess to a high degree the power of 
absorbing water by capillary conduction, as do fine soils rich 
in humus. In moist regions such as Western Furope clay 
soils absorb water beyond their absolute-capacity. Their 
high moisture-content makes them cold, i.e, they heat up 
slowly, and they are difficult to work on account of their 
stiffness. On the other hand, in drier regions such as the 
Mediterranean such soils are much esteemed for their power 
of absorbing and retaining moisture. 

Important types of soil are as follows : — 


1. Clay or Argillaceous Soil . . 

2. lyoamy Soils 

3. Sandy Foams 

4. Foamy Sands 
5- Sandy Soils. . 

6. Marly Soils, which are 
further classed into clayey 
marls, loamy marls, etc. > . 


Over 50 per cent, of clay. 
30 to 50 per cent, of clay. 
20 to 30 per cent, of clay. 
10 to 20 per cent, of clay. 
Over 70 per cent, of sand. 


5 to 20 per cent, of lime. 
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7. Calcareous Soils, wkick are 

further classed into clayey 

calcareous soils, etc. . . Over 20 per cent, of lime. 

8. Vegetable Soils, wMcb are 

further divided into clayey 

humus, etc. . . . . Over 5 per cent, of humus 

Each of the above types is described as poor if containing 
less than 0*5 per cent, of humus, intermediate if containing 
0*5 to 1*5 per cent., and rich if containing 1*5 to 5 per cent. 

Fine soils rich in humus and having a permeable sub- 
stratum possess a degree of humidity which is generally 
favourable for plants. Sandy soils poor in humus and having 
a gravel sub-soil are generally only suitable for xerophilous 
plants. On calcareous soils which are poor in humus vegeta- 
tion is markedly xerophilous, but if humus is present the 
moisture-absorbing power is much increased. Soils containing 
much humus and httle lime are inclined to become acid, whilst 
those with abundant Hme are alkaline. The pIL of the soil 
may be determined by means of indicators. All plants require 
calcium for their normal nutrition. Certain plants, however, 
e,g, Pintis pinaster and Digitalis purpurea, known as calci- 
phobous plants, cannot be grown on chalky soils probably 
owing to alkalinity. In other cases different varieties of the 
same species may grow on different soils, for example, in 
Derbyshire Valeriana officinalis var. sambucifolia is common 
on the coal measures, but avoids the limestone, where it is 
replaced by Valeriana officinalis var. mikanii. 

Preparation of the Soil. — ^For details of agricultural and 
horticultural procedure information should be sought in some 
of the many books on these subjects.* The land must be 
cleared and tilled. The moisture in the soil may be regulated 
by drainage or by irrigation. Tillage operations are directed 
towards the breakmg up and stirring of the soil to facilitate 
the entry of air (which increases the amoimt of available 
plant food),^ to assist drainage and to produce a loose, friable 
medium suitable for the germination of seeds and the free 
growth of roots. On a small scale this is done by means of 
the spade, fork, hoe, and rake, and on a larger scale by ploughs, 
cultivators, harrows, and rollers. 

foEo^g are suggested: The Gardener's Assistant,, Edited by 
A TsxUbook of Tropical Agriculture^ by H. A. Nicholls aad 

j . ±L idiOfilamd.. 



THE CULTIVATION OF MEDICINAL PLANTS 55 


Analyses of plant aslies show that the following elements 
are taken from the soil : Cl, O, S, N, P, Si, Na, K, Mg, Ca, 
and Pe. Since plants differ in their food requirements the 
best results are obtained by arranging a suitable rotation of 
crops. When the soil becomes impoverished its fertility can 
be restored by allowing it to lie fallow or by the use of manures. 
The most important manures are those which contain nitrogen, 
potassium, phosphate, or lime. Farmyard manure is a general 
manure in that it contains all the elements required by the 
plant. In the unfermented state it is particularly useful for 
opening up clay soils, but for most horticultural purposes it 
should first be allowed to rot in heaps. Mixtures of manures 
and earths are known as composts. If growing crops are 
ploughed in this is called green crop manuring, and is well 
adapted to light soils as the humus produced increases the 
moisture capacity. Teguminous crops such as clover, and in 
the tropics species of Cajanus and Mucuna, are usually used 
for this purpose since they also increase the nitrogen-content 
of the soil owing to the fixation of atmospheric nitrogen. 
Rape and mustard are also good crops for providing quick- 
rotting green manure. Special manures are those which owe 
their value mainly to only one plant food, and they should 
therefore only be employed when the use of that particular 
type of food is clearly indicated. Special manures contain 
nitrogen, e.g. the guanos, ammonium sulphate, sodium, and 
potassium nitrates, or phosphate, e.g. bones, mineral phos- 
phates, superphosphates, reduced phosphates, and basic slag, 
or calcium, e.g. lime or gypsum, or potassium, e.g. wood ashes, 
kainite, and potassium sulphate. Some of these, e.g. am- 
monium sulphate and sodium nitrate, are readily soluble, and 
since they are easily washed out of the soil they must be applied 
when they can exert their fullest effect on the crop. Super- 
phosphate being acid should not be used in soils which are 
deficient in lime. 

Propagation. — Plants may be reproduced from seed or by 
vegetative means. 

A. From Seeds. — ^To ensure success the seeds must be 
collected when perfectly ripe. If not planted immediately, 
they should normally be stored in a cool and dry place and 
must not be kiln-dried. Some seeds such as cacao, coffee, 
and nutmegs rapidly lose their power of germination if allowed 
to dry. The quality of seeds can be judged to some extent 
by their size, appearance, and specific gravity. Por example, 
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henbane seeds if fertile -will sink in water. Seed samples may 
also be tested by sowing a few in a pot and keeping them in 
an incubator until they germinate, bong storage usually 
much decreases the percentage which germinate. 

Although seeds are naturally sown at the season when they 
ripen it is frequently more convenient, especially in the case 
of the less hard3’- exotic species, to defer sowing until the spring. 
In some cases, how^ever, immediate sowing of the fresh seed 
is advisable. For example, it has been shown that if the seeds 
of Cokhicuni antunmale are air-dried even for a few days only 
about 5 per cent, germinate in one year and some may not 
germinate for five ^^ears, whereas if sown as soon as the capsules 
dehisce 30 per cent, will germinate in the first year. If sowing 
is postponed until the spring it is advisable to soak all seeds 
which have hard testas in water. More drastic methods, such 
as soaking in sulphuric acid in the case of henbane seeds, or 
partial removal of the testa by means of a file or grindstone, 
have also been recommended. Other slow germinating seeds, 
which ma3’ otherwise lie in the ground for years, may, after 
soaking, be mixed with light soil and buried in a hole in the 
ground for 12 months ; they are then taken up and the soil 
and seed mixture sown in the ordinary way. 

Seeds may be sown broadcast, in drills or in holes. Small 
seeds, such as those of digitalis, may be sown broadcast as 
the3" onlj" need raking with the soil. Generally speaking, 
seeds may be buried to the depth of their smallest diameter, 
but as a protection against birds, etc., it is sometimes advisable 
to sow them deeper. 

B. By Vegetative Means. — ^The following examples of 
v^etive propagation may be mentioned : — 

1. By the development of : bulbs, e,g. squill ; corms, 
e.g. colchicum ; tubers, e.g. jalap and aconite ; or rhizomes, 
e.g, ginger. 

2. By division, a term usually applied to the separation of 
a plant which has a number of aerial stems or buds into 
separate parts each having roots and a growing point. This 
method may be used for althaea, rhubarb, gentian, and male fern. 

3. By runners or offsets, e.g. chamomile and the mints. 

4. By suckers or stolons, e.g. liquorice and valerian. 

5- By cuttings or portions of the plant severed from the 
plants capable of developing roots. Generally speaking, 
cuttings of hard-wooded plants should be inserted in autumn 
and of soft-wooded plants in spring. The shoots may be cut 
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oE or tom off so as to leave a lieel wliicli sLotild be trimmed. 
Soft-wooded cnttings sliotild be exposed to the air for an hour 
to dry the sap. The lower leaves are removed and the cuttings 
placed in a suitable medium. A mixture of silver sand and 
fine soil is usually suitable. A moist atmosphere and a 
temperature a few degrees higher than that at which the plant 
normally grows favour root development. Cuttings may be 
employed for the propagation of mints, lavender, coca, and 
vanilla. See also Plant Hormones below. 

6. By layers, A layer is a branch or shoot which is induced 
to develop roots before it is completely severed from the parent 
plant. This is done by partly interrupting the food supply 
by means of a cut or ligature and embedding the part so 
treated in the soil. If the branch is one which cannot be bent 
to grotmd level the necessary soil may be contained in a raised 
plant pot or tin having a slit in one side for the entry of the 
branch. We have successfully used this method for the 
propagation of cascara. In September one of the lower 
branches of a small cascara tree was about half-severed by 
means of an oblique cut. It was pegged down and the cut 
covered with soil. By March good roots had developed and 
the new plant was separated. Clove trees are sometimes 
propagated by layering. 

7 * ^7 hugging. Grafting is an operation in 

which two cut surfaces, usually of different but closely related 
plants, are placed so as to unite and grow together. The rooted 
plant is called the stock and the portion cut off the scion or 
graft. Grafting of female scions of Myristica frctgrans on male 
stocks may be used to increase the proportion of fruit-bearing 
trees. Budding consists of the introduction of a piece of bark 
bearing a bud into a suitable cavity or T-shaped slit made in 
the bark of the stock. Budding is largely used for Citrus 
species, selected strains of sweet orange, for example, being 
budded on sour stocks. 

Plant Hormones. — It has recently been shown that certain 
growth-promoting substances such as indolylbutyric acid, 
heteroauxin, a-naphthalene acetic acid and ^-indolylacetic acid 
are able to accelerate the rooting of cuttings. Such substances 
are now marketed as proprietary articles. It is possible by 
placing the cuttings for 24 hours in dilute solutions, about i 
in 20,000 to I in 50,000, to root cuttings of hardwood trees 
such as the hollies, which formerly had to be grafted or raised 
from seed. 
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Notes on Plants Suited to a Temperate Climate 

Aconitmn Hapellns grows in any ordinary soil but prefers 
a moist loam and a shady situation. Propagation by means of 
daughter roots planted out in JTanuary is preferable to raising 
the plants from seed (see p. 349)- ^ 

Altksea oflS.cmaJis grows best in a clay loam in an open 
situation. Propagation is by division of old roots or from 
seeds sown in early" spring in drills about 3 feet apart. 

Anthemis nobiHs prefers a damp, peaty loam and a sunny 
situation. Since the seeds produce the single variety vegeta- 
tive propagation is the best. In March soil is sifted round the 
trailing offsets, and when these have rooted each old plant is 
divided into about ten parts. The latter are planted out in 
rows about 2-|- feet apart with, a distance of 18 inches in the rows. 

Atropa Belladonna prefers a light permeable soil with a 
chalhy subsoil, but grows in heavier soils if the drainage is 
satisfactory. It may be propagated by division of the old 
roots in April or from seed. The seeds take about six weeks 
to germinate and may be sown in spring in rows about 3 feet 
apart. It is advisable to sow some also in sterilised soil in a 
frame and plant out the seedlings in May, where gaps occur in 
those sown in the open. 

Garam Carvi is a biennial which is grown in the South of 
England in light, warm sod. The fresh, ripe fruits are sown 
in the autumn or in March or April in drills lo inches apai"t. 
The fruits are ripe in July or August of the following year. 

ColcMcnm autunmale is grown in damp, preferably cal- 
careous soil. The plant may be propagated by means of the 
daughter conns or by seed. The seed, preferably fresh, may 
be sown out-of-doors or in a cold frame. When two years old 
the plants should be transplanted to about 3 inches apart. 

Coiiandmm sativum is an annual which is readily grown 
from ripe fruits sown in April. 

Datara Stramoninm prefers a rich calcareous soil to which 
burnt bonfire refuse may be added with advantage. The 
seed is sown in May in very shallow drills about 3 feet apart. 
The plants are subsequently thinned out to about 12 to 15 
inciies in the row. 

purpurea grows well in a well-drained, loose soil 
wMc^ is rich in humus but non-calcareous. To ensure even 
disiribution when sowing the small seeds may be mixed with 
sand. The plant requires a moderate amount of sun. 
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Dryoptexis Filix-mas prefers a rich., moist loam and shade. 
It may be propagated by division or from the spores. The 
spores are collected by placing a ripe frond on a piece of paper, 
spore side downwards, and covering it with a sheet of glass. 
A small pot is then filled with a compost of loam and leaf 
mould and sterilised by ponring boiling water through it until 
the whole has been thoroughly heated. When cold, the spores 
which have collected on the paper are scattered over the surface 
of the compost and the pot covered with a sheet of glass. 
After standing for a few weeks in a shady position the prothalli 
which develop may be pricked out into other pots prepared in 
a similar way. When sufficiently large the young ferns are 
planted out. 

Foenienlum vnlgare will grow in dry and stony situations, 
but yields a better crop of fruit on a deep, rich, and rather stiff 
soil. The fruits are sown from Febmary to April in shallow 
drills 15 inches apart, the plants being afterwards thinned out 
to I foot apart in the rows. Alternatively they may be raised 
in a seed bed and planted out when 3 or 4 inches high. 

Grentiana lutea requires a moist, cool situation with good 
drainage. A suitable soil consists of a mixture of loam, peat, 
and grit. The plant may be propagated by division or from 
seed, 

Grlyeyrrhiza glabra grows best in a deep, rich, rather sandy 
loam, which should be free from stones. The land should be 
deeply trenched and manured in the autumn, and the stolons 
planted in February 18 inches apart with 3 feet between the 
rows. In November the aerial stems should be cut off and the 
stolons near the surface forked up and cut off near the crown. 
The stolons may be preserved in sand and used for planting 
in dry weather in the following February or March. The drug 
is usually collected in the third year by digging a trench about 
3 feet deep and pulling up the plants by means of a rope 
attached near the crown. 

Hyoscyamus niger forms a somewhat uncertain crop. If 
the seed has been kiln-dried it is useless for sowing. On the 
commercial scale only the biennial plant is grown. As germina- 
tion is slow the seeds should be sown either in September for 
germination in the following year or in April, when they should 
be well soaked or buried in moist sand prior to sowing. The 
plants cannot be transplanted successfully and must be sown 
in the open. They grow in most soils, but prefer a light, well- 
drained soil and an open, sunny position. The land should be 



60 


PHARMACOGNOSY 


manured and be kept moist until the seeds have germinated 
and the plants made some growth. The seeds, mixed with 
sand or fine soil, are sown in rows about 2 to 2|- feet apart, 
the plants being afterwards thinned out to a distance of 2 feet 
in the rows. The terminal buds of henbane are often destroyed 
by caterpillars. 

Lavandula officinalis grows well in sunny positions in light, 
rather dry soils well supplied with hme. In a rich, moist soil 
it is less resistant to frost and is less aromatic. Lavender is 
easily propagated by taking green wood cuttings about 3 inches 
long in April and inserting them in damp soil in a cold frame. 
They may be planted out in the following October or spring. 
Old plants should be pruned in March or April. 

Mentha piperita and Mentha viridis prefer a moist soil, 
and are easily propagated by digging up the rhizomes in early 
October, cutting off all aerial stems to ehminate the risk of 
“Mint Rust,” and before replanting washing well to remove 
all old soil and rust spores. Plant in fresh soil, covering the 
rhizomes about i inch deep. If rust appears on old plants, 
cover these with straw on a dry day in late September and set 
fire to the straw. This will destroy rust, but will not injure the 
imderground stems if burning is rapid. 

Papaver sonmiferum requires a rich, moist soil and plenty 
of sun. Considerable quantities are grown for their capsules 
in Lincolnshire. The seeds are sown in March or April in 
drills I foot apart. When about 4 inches high the plants are 
cut into clumps about 8 inches apart and the plants in each 
dump reduced to one. The capsules are harvested about 
September. 

Eheum Spp. — Rhubarbs like a rich, deep soil which should 
be deeply trenched and treated with well-rotted manure. 
Ordinary garden rhubarbs are said to be derived from Rheum 
rhuponticum and R. undulatum^ but R. officinale ^ R. emodi, and 
R, palmatum var. tanguticum can also be purchased. Rhubarbs 
are propagated by dividing the crowns in early spring into a 
number of pieces each bearing a bud. They may also be grown 
from seed sown in the spring. 

Valeriaim officiiialis var. mikanii and var. samhucifolia 
are grown as described on p. 622. Not only should the land 

manured before planting, but good results are obtained by 
the subsequent application of liquid manure. 
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Notes odl Plants Suited to the Tropics or Subtropics 

Capsicum frutescens is a small shrub which in a hot climate 
is readily grown from seed. For their successful growth in 
Kngland a greenhouse is necessary. The plant prefers a light 
loamy soil. 

Cephaelis Ipecacuanha is a small shrub the commercial 
cultivation of which outside Brazil only appears to have 
succeeded in the Straits Settlements. The plant needs a rich, 
well-drained soil, a fairly heavy uniformly distributed rainfall, 
and shade. Ipecacuanha may be propagated from pieces of 
root and by cuttings and layers. 

Cinchona Spp. — The cultivated species of Cinchona need 
a rich open soil and a well-drained sub-soil. A deep vegetable 
loam with a gravel sub-soil is usually preferred. The rainfall 
should be about 50 to 100 inches and the mean temperature 
about 65'^. Different species grow at altitudes of from about 
1,000 to 6,000 feet. The trees need protection from strong 
winds which may be provided by shelter belts of other trees. 
Propagation is usually by means of seeds. The plants are 
raised in nurseries and afterwards hardened and planted out 
at suitable intervals. Cinchonas may also be grown from 
cuttings or by the layering of branches. 

Cinnamomum zeylanicum grows well in almost any tropical 
soil, but prefers a sandy soil rich in humus. The plants may 
be raised in nursery beds or the seeds may be sown in the open 
in groups of about five at intervals of 6 feet. Fresh seed is 
essential. Cinnamon may also be propagated by cuttings or 
by layering. 

Elettaria Cardamomum grows naturally in the monsoon- 
forests of Malabar at a height of about 1,800 to 3,500 feet. 
It prefers a rich loam and needs shade. When the Malabar 
jungle is partly cleared wild cardamom plants soon occupy the 
clearings. Under cultivation propagation may be by means 
of seed, which is germinated in nurseries and the seedlings 
afterwards planted out at intervals of 6 feet, or by division 
of the rhizomes. 

Er3rtliroxylon Coca grows on mountain slopes in the tropics. 
It requires a rich, moist, loamy soil. Plants may be raised in 
nurseries from seed or by means of cuttings. 

Eugenia aromatica, although grown in islands such as 
Zanzibar and Pemba, will not stand exposure to salt winds. 
It grows well up to about 1,000 feet, preferring well-drained 
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slopes of cla3-ey loam. Cloves may be propagated by means 
of seed, which must be fresh, or by layering the young branches. 

Ipomcna purga grows naturally in moist, shady woods at 
an altitude of 5,000 to 8,000 feet where the day temperatures 
are about 60^ to 70°. It likes a well-drained, rich, sandy 
loam, and a more or less uniformly distributed heavy rainfall. 
Jalap may be propagated by planting out the smaller tubercles 
or cuttings of the undergroimd stems. 

Myxistica fragrans is a lowland plant which requires a hot, 
moist climate. It prefers a deep, friable loam with good 
drainage. The seeds, which must be fresh, are planted in 
nurseiy beds about i inch deep and i foot apart. When 
kept moist, seedlings appear in about forty days, and on 
attaining a height of 2 or 3 feet are planted out at a distance 
of about 25 feet from one another. Frequently the plants are 
arranged in pairs, so that if one subsequently proves to be male 
it can be destroyed. When flowers appear the sexes of the 
trees are determined, and only about 10 per cent, of the male 
trees are retained for pollination. The remainder may be cut 
down or their sex altered by using them as a stock and grafting 
them with scions from female trees. 

Piper nigrum grows best in a moist tropical climate with an 
evenly-distributed rainfall. Since the pepper is a climbing 
plant support must be provided either by posts or trees. The 
vines are grown from seed or from cuttings. 

Bdcinus communis is an annual in temperate climates, but 
in the tropics it is a perennial tree which may attain a height 
of 25 feet. It is easily grown from seed and prefers a well- 
drained, loamy soil. 

YaniHa planifolia needs a moist tropical climate and a rich 
vegetable soil. The plant is grown on posts or on living trees 
such as Casuarina equisetifolia and Jatropha Curcas. It is 
propagated by means of cuttings. 

Zingiber officinale may be grown on rich soil in the tropics 
and subtropics from sea-level up to about 5,000 feet. A 
well-drairted, rick clayey loam is suitable. In March or April 
the soil is raised in ridges about 3 feet apart. Small holes are 
made in the ridges at intervals of about a foot and partly 
filled with well-rotted manure. A piece of rhizome hearing a 
bud is then placed in each hole at a depth of about 3 inches 
and is covered with soil. For further information, see p. 265. 
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THE COLLECTION, DRYING, AND STORAGE 
OF DRUGS 

Thb preparation of each drug for the market depends on its 
morphological nature, its constituents, the geographical source, 
and other factors. In the following pages the chief points to 
be observed in the collection, drying, and storage of drugs 
are indicated in a general way. 

Collection. — ^Drugs may be collected from wild or culti- 
vated plants. Collection may be undertaken by casual, 
unskilled native labour, e.g. ipecacuanha, or by skilled workers 
in a highly scientific manner, e,g. digitalis, belladonna, and 
cinchona. Although some firms in England cultivate certain 
of their own drugs, the amount so grown is relatively small, 
since foreign-produced drugs are generally cheaper and buyers 
are not prepared to pay a higher price. This is to be 
regretted since the quality of the imported drug is often so 
much inferior to the home-grown. Research, for example, in 
plant breeding, and the scientific control of the cultivation, 
collection, drying and storage of drugs will do much to improve 
the quality of the medicaments derived from them. 

The season at which each drug is collected is usually a 
matter of considerable importance, since the amount, and 
sometimes the nature, of the active constituents is not constant 
throughout the year. This applies, for example, to the collec- 
tion of podophyllum, ephedra, rhubarb, and aconite. Not 
only is the month of collection important, but in certain cases 
it may be necessary to take the time of day into consideration. 
Wasicky and co-workers have in recent years done a con- 
siderable amount of research on this subject. They find, for 
example, that rhubarb contains no anthraquinone derivatives 
in winter, but contains anthranols which, on the arrival of 
warmer weather, are converted by oxidation into anthra- 
quinones. Wasicky has also shown that in digitalis leaves 
the active glycosides split off sugar during the night, the 
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aglticone recomMning next day with sugar wlxen carbon 
assimilation has taken place. As tbe aglncones are mnch less 
active tlierapetiticall3’ than the gtycosides the collection of the 
leaves in the afternoon is indicated. 

Generalh" speaking, leaves are collected as the flowers are 
beginning to open, flowers just before they^ are ftilly expanded, 
and tindergronnd organs as the aerial parts die down. Ifleaves, 
fio’wers, and fmits should not be collected when covered with 
dew or rain. An^^ which are discoloured or attacked by 
insects or slugs should be rejected, Bven with hand-picking 
it is difiBcult, certainly" expensive, to get leaves, flowers or 
fruits entirely free from other parts of the plant. In such 
cases as Belladonna, Stramonium, Hyoscyamus, Bnchu, 
Sennse Folium, and Caryoph^^'llum, the Pharmacopoeia allows 
a certain percentage of stalks to be present. Similarly with 
roots and rhizomes a certain amount of aerial stem is often 
collected and is officiall3" permitted in the case of Senega, 
Serpentaria, and Ipecacuanha, The harvesting of umbelli- 
ferous fruits resembles that of com. Reaping machines are used 
and the plants, after diving in shocks, are threshed to separate 
the fruits. Barks are usually collected after a period of damp 
weather, as they then separate most readily from the wood. 
For the collection of gums, gum-resins, etc., dry weather is 
obviously indicated, and care should be taken to exclude 
vegetable debris as far as possible. 

Underground organs must be freed from soil. Shaking the 
drug before, during, and after dr5ing, or brushing it may be 
sufficient to separate a sandy soil, but in the case of a clay 
or other heavy soil, washing is necessary. For example, 
valerian is washed in the streams on the banks of which it 
usuall3" grows. Before drying, any wormy or diseased rhizomes 
or roots should be rejected. Those of small size are often 
replanted. In certain cases the rootlets are cut off; and 
rhubarb, ginger, and marshmallow are usually peeled. All 
large organs, such as calumba root and inula rhizome, should 
be sliced to facilitate drying. Before gentian root is dried it 
is made into heaps and allowed to ferment. Seeds such as 
nux vomica and cocoa, which are extracted from mucilaginous 
fruits, are washed free from pulp before drying. 

Iksring. — ^If enzyme action is to be encouraged, slow drying 
at a moderate temperature is necessary. Examples of this 
will be found elsewhere under orris rhizome, vanilla pods, 
c<Koa seeds, and gentian root. If enzyme action is not desired. 
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dr3ing sliould take place as soon as possible after collection. 
Drugs containing volatile oils are liable to lose their aroma if 
not dried or the oil distilled from them immediately, and all 
moist drugs are liable to develop mould. For these reasons 
dr\dng apparatus and stills should be situated as near to the 
growing plants as possible. This has the further advantage 
that freightage is much reduced, as all fresh drugs contain a 
considerable amount of water. The amount of dried drug 
obtained from loo parts of certain fresh plants is shown in the 
following table : — 

Chamomile flowers . . 25—33 parts Belladonna root . . 33—38 parts 

Rose petals . . . . 10 ,, Gentian root . . 25 

Bearberry leaves . . 20 ,, Iviquorice root . . 30—33 

Belladonna leaves . . 15— 25 ,, Male fern rhizome . . 30—32 ,, 

Digitalis leaves . . 25—34 ,, Rhubarb rhizome . . 25-34 ,, 

Henbane leaves . . 14—20 ,, Valerian rhizome . . 22—25 

Stramonium leaves . . 30—33 

The duration of the drying process varies from a few hours 
to many weeks, and in the case of open-air drying depends 
very largel3^ the weather. In suitable climates open-air 
dr>dng is used for such drugs as clove (Fig. 22), colocynth, 
cardamom and cinnamon. Fven in warm and dry climates 
arrangements have to be made for getting the drug under the 
cover of sheds or tarpaulins at night or during wet weather. 
Such drying as is done in England without artificial heat is 
carried out in sheds or barns, with the exception of dill and 
where preliminary drying, at any rate, takes 
place in the fields. Within the sheds the drugs may he sus- 
pended in bundles from the roof, threaded on strings, as in 
the case of Chinese rhubarb, or, more commonly, placed on 
trays made of sacking or tinned-wire netting. Papers spread 
on a wooden framework are also used, particularly for fruits 
from wMch it is desired to collect the seeds. 

Drying by artificial heat is more rapid than open-air 
diydng and more suitable for use in this country. Sheds of 
various t^pes and brick buildings are used. The actual drying- 
chamber is^ preferably on the ground level, while the heating 
apparatus is sunk below it. Heat may be applied hy means 
of open fires {e.g, nutmegs), stoves, or hot- water pipes. In 
all drying sheds there must be a space of at least 6 inches 
between super-imposed trays and air must circulate freely. 
For small (quantities stoves supporting a number of trays will 
be^ found suitable, or if rapid drying at the lowest possible 
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temperature is required a vacuum dryer may be used.* In 
all cases care must be taken tbat eacli tray or shelf contains 
only one kind of drug and only drugs requiring similar treat- 
ment should he dried at any one time. 

Fairly rapid drying helps flowers and leaves to retain their 
colour and aromatic drugs their aroma, hut the temperature 
used in each case must be governed by the constituents and 



Fig. 22. — Cloves drying on mats. Government Plantations, Lupani, Pemba. 
iFrom ike ImpeHid InsUtute CoUcciion.y 

the physical nature of the drug. As a general rule, leaves, 
herbs, and flowers may be dried between 20° and 40°, and 
barks and roots between 30° and 65°. In the cases of colcMcum 
corm and digitalis leaf it will be noted that the Pharma- 
copceia specifies the temperatures at wHch drying is to be 
done. 

Exactly how far drying is to be carried is a matter for 
practical experience. If leaves and other delicate structures 

* See Bentley's Texir-hooh of Pharmaceuiics, Fig. 27. 
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are overdried, tliey 1^6003116 very brittle and tend to break in 
transit. Drugs sncb as aloes and opium may require further 
di^dng on arrival in Britain. 



Fig. 23.~View of drying room, Stafford. AUen & Sons^ Works. Long Melford. 

Storage. — ^Except in a few cases, such as cascara bark, long 
storage, although often unavoidable, is not to be recommended. 
Drugs such as Indian hemp and sarsaparilla deteriorate even 
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wlieii carefully stored. Drugs stored in the usual con- 
tainers — sacks, bales, wooden cases, cardboard boxes, and 
paper bags— reabsorb about lo to 12 per cent, or more of 
moisture. They are then termed '' air-dr^^'^ The permissible 
moisture-contents of starch and acacia gnni will be found in 
the Phariiiacopceia. Air-diy drugs are always liable to the 
attack of insect and other pests (see next chapter). Drugs 
should be frequently examined during storage, and any showing 
mould or w’orminess should be either rejected or treated as 
described in the next chapter. 

Drugs such as digitalis and Indian hemp should never be 
allowed to become air-diy or they lose a considerable part of 
their activity. They may he kept in sealed containers with a 
dehydrating agent. For large quantities the bottom of a case 
ma3’ be filled with quicklime and separated from the drug by 
a perforated grid or sacking. If the lime becomes moist it 
should be renewed. Volatile oils should be stored in sealed, 
well-filled containers in a cool, dark place. Similar remarks 
apply to fixed oils, particularly cod-liver oil. In the latter 
case the air in the containers is sometimes replaced by an inert 
gas. 

Tow temperature storage is a good way of controlling 
insect attack in drugs. An interesting report (1933),* on 
moths which have caused considerable damage to tobacco, 
cocoa, etc., stored in London, shows that adult moths, pupae, 
larvae, and eggs are destroyed by low temperature storage. 
It was found that the eggs were the most resistant to cold 
and that the eggs of Ephestia elutella were less resistant than 
those of E, kUhniella as may he seen from the following 
figures : — 


E. elutella 

At — 15° no eggs survived after , . 12 hours. 

At ~ 10"^ ,, ,, „ . . iS 

At —6" to —7® ,, ,, ,, about 150 

At— 3® to —4° „ ,, „ .. 168 


E. kuhniella 
60 kours. 

75 

264 

336 


The destruction of Ephestia in tobacco by means of steam 
or by fumigation with ethylene oxide was also investigated. 

See Repmi of the Empire Marketing Board, No. 67 : The Infestation of 
Cured Tobacco in London by the Cacao Moth, Ephestia elutella. Also 
Report Vo. 24 : Insect Infestation of Stored Cocao, and E.M.B. 
Report No. 29 : The Biological Control of Insect and Plant Pests ; and U S 
DepL of Agricuiiure Farmefs’ Bulletin, No. 1353: Clothes Moths and their 
Control. 
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INSECT AND OTHER PESTS IN DRUGS 


MEDicmAi, plants and air-dr}’' drugs are liable to attack by 
true insects, particularly tbe Coleoptera, or beetles, and the 
Lepidoptera, or moths. Arachnids, particularly the Tyro- 
glyphidse or mites, fungi, and bacteria also cause considerable 
damage. 

The drug- room beetle, Sitodrepa panicea (Pig. 24), is a brown 
beetle 2 to 3 mm. in length. Tike other insects it possesses a 



Fig. 24 . — Sitodrepa panicea. A, mature insect ; B, larva (smaller figures 
indicate actual size) ; C, antenna X 50. 


pair of antennae and three pairs of legs, while a pair of mem- 
branous wings and a pair of hard wing-cases show that it is 
a member of the Coleoptera, or beetles. When disturbed the 
insect feigns death and draws the antennae and legs under the 
body. The front of the thorax is extended over the head as a 
hood ; next comes the mesothorax to which are attached the 
eljtm or wing-cases, followed by the , metathorax bearing the 
membranous wings ; and lastly the abdomen. The head and 
prothorax are somewhat darker than the other regions, which 
are a bright yeUowish-brown. AU the exposed parts are 
covered with simple hairs, while the wing cases bear about 
seven longitudinal lines of rounded or oval markings, each 
having a central slit. These are surrounded by granules of 
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undetermined nature. The three outermost joints of the 
antennse are larger than the preceding ones.* 

Although Sitodrepa panicea is perhaps the commonest 
beetle found in drugs, other species of Coleoptera are quite 
common. Of these the cigarette beetle, Lasioderma serricorne 
(Fig. 25, A), closely resembles the drug-room beetle, but it can 
be distinguished from the latter by the lack of striations on 
the wing-cases. The granary beetle, hololeucus (Fig. 25 , B) , 

is brown in colour and larger than the drug-room beetle. 
Ptinus fur (Fig. 25, C) and Ptinus brunneus are well-known 



Fig. 25. — A Lasioderma serricorne^ B, Niptus hololeucus: O, Ftinus fur 
The smaller figures indicate actual size- (After Tschirch.) 


hou^hold insects which have been found in drugs such as 
senna, capsicum, sumbul, and jaborandi. 

In the Tepidoptera or moths the insect passes through a 
larval or caterpillar stage in which it is provided with strong 
jaws for eating dry food. This is succeeded by a non-motile 
pupal stage from which the mature moth develops. As in 
the case of the household clothes-moth, a member of the 
genus Tinea, damage to drugs is caused by the larvae and 
not the mature insect. The larvae of Ephestia kuhniella 
(Fig. 26, A-C), Tinea cloaceUa (Fig. 26, D), Corcyra cephalonica 
and Berkhausenia pseudo-spretella have been found in drugs. 
Aconite root seems somewhat liable to attack by these pests. 
Their attacks on tobacco and cocoa and the effect of low 
temperature storage are described on p. 68. 

♦ For further details, se^ Greenish and Braithwaite, 1910, p. 580. 
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The members of the Tyrogl 57 phidae, e.g. Tyroglyphus siro, 
the common cheese-mite (Kig. 26 , H) , a<re mtich smaller than 
the beetles. In the larval stage six legs are present, hut in 
the mature insect there are eight. Apart from the legs there 
is little difference in the two stages. The mites tear dmgs to 
pieces by means of their powerful mandibles. Some mites are 
carnivorous and live on the smaller vegetarian members of 
their own order or on other insects. According to Sayre, at 



Fig. 26.— a, Ephestia kuhniella ; B, larva of sanae ; C, pupa of same ; D, 
Tinea cloacella ; E, Tyroglyphus siro. (A and ID after Tschirch ; B and C 
after Wallis ; E after Sayre.) 


least half a dozen species of mite attack cantharides. They 
also commonly attack flour and such drugs as ergot, quince, 
and linseed. 

Although wormy drugs may not be injurious to health, 
reputable houses will always endeavour to deal in drugs which 
have not been so attacked. Inferior qualities may, however, 
be sold in the form of powder, and an examination of a 
powdered drug for insect remains, may throw considerable light 
on the quality. 

The prevention and limitation of insect attack deserves 
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the serious attention of all who handle drugs. Attention should 
be directed to prevention rather than to cure, and it is fre- 
quently better to sacrihce a “ wormy drug than to risk the 
contamination of other samples. Protection is afforded by 
keeping the drug perfectly dr\^ or by dusting it with lime, 
hiniiiig is often used for the protection of nutmegs and ginger, 
the lime choking the delicate air-tubes of both the larvae and 
mature insects. 

Infected drugs are difficult to free completely from insects. 
Eggs, lar\’se, and insects be destroyed by heating above 

6o°, the period of heating varydng from fifteen minutes to 
several days, according to the nature and quantity of the drug 
being treated. Per small samples, such as museum specimens, 
treatment with the vapour of chloroform, carbon disulphide, 
or carbon tetrachloride is fairly^ successfnl, but when large 
quantities are so treated only’ about half the larvae and few, 
if any', of the eggs are destroy'ed. Much, no doubt, depends 
on the season at which the treatment is applied. Holmes 
recommends it to be done, if possible, in April or May, before 
the insects assume the imago or mature state. 

how temperature storage is preferable to the use of lime 
and toxic vapours, and is now being employ’'ed for the pro- 
tection of drugs. 
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CHAPTER VIII 

APPARATUS AND REAGENTS 

The apparatus required for work in pharmacognosy will 
include a scalpel or knife, a pocket lens, a camel-hair brush, 
forceps, dissecting scissors, and a duster and glass cloth. 
For section cutting a good razor is essential, and it is false 
economy to buy a cheap one. It is impossible to get one razor 
which is equally suited to 
all the different types of work 
encountered, and for second- 
year students two razors are 
adwsed. One, flat or only 
slightly hollow-ground for ob- 
taining rather large sections 
of stems, barks, etc., and a 
second hollow-ground shaving 
razor for very thin sections of 
soft tissues such as leaves, 
where a large area of pre- 
paration is not required. 

Each worker will also require 
glass slides, cover-glasses, a 
micro-Eunsen burner or spirit 
lamp, and a set of reagents. 

Microscopes and Lamps. — 

A microscope suitable for 
pharmacognostical work is 
illustrated in Fig. 27. For 
students' work the microscope Microscope (R. and 

is usually fitted with two 

objectives, f in. (16 nun.) and ^ in. (4 mm.), two eyepieces, and a 
condenser. The magnification obtained depends not only on 
theobjective and eyepiece used butmaybe increased by lengthen- 
ing the draw-tube. The standard length of draw-tube should, 
however, normally be used. 

Many types of electric lamp are available as sources of 
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iiltimination, but the simple type illustrated by Wallis * will 
be found very satisfactory^, and^ its flat top is useful for heating 
microscope slides. Many students make the error of over- 
illuminating the object. This is not only tiring to the eye but 
does not show up the object to the best advantage. The slide 
should first be \dewed with a low'-power objective, the condenser 
being some distance from the object so that the whole field is 
evenly lighted. Next the high power is used, the light being 
concentrated on a smaller field by raising the condenser. The 
change in size of the field with different objectives and eye- 
pieces is shovm below. 

Magnification and Field of View. — Objectives are known 



Fig. 28. — Huyghe- 
nian eyepiece 
fitted with micro- 
meter (C. Baker), 


Fig. 29 — Eyepiece 
micrometer (J. 
Swift & Son, 
London). 



Fig. 30. — “Telaugic” 
eyepiece (J. Swift & 
Son, London). 



by their focal length, e.g. 16 mm. Since the objective is not a 
single lens, the focal length is measured from a point somewhere 
between the front and back surfaces of the component lenses 
and the distance between the front lens and the object in focus, 
i.e. working distance, is thus less than the focal distance. A 
i6-mm. objective has a working distance of about 6*2 mm. 
and a 4-mm. objective a working distance of about 0*5 mm. 
With low powers the thickness of the cover-glass is of little 
importance, but with the 4 mm. and higher powers only the 
thinnest should be used, as these objectives are adjusted to 
give the best im^e when used with No. i cover-glasses. The 
thickness of No. i cover-glasses is about 0*15 mm.. No. 2 about 
0-2 mm., and No. 3 about 0-25 mm. 

* JPractical Pharmacognosy^ P-3- 
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The commonly used Huyghenian eyepiece consists of two 
plano-convex lenses mounted at a suitable distance from one 
another and having a diaphragm between them for supporting 
a micrometer when the latter is required (Figs. 28 and 29). 
Those magnif3dng the initial image, produced by the objective, 
about 6 and 10 times will be found useful.* 


Focal Length, 

Approximate Magnifying 
Power. 

42 mm. 

X 6 

25 mm. 

X 10 

17 mm. 

X 15 


An approximate idea of the magnification and field of view 
to be expected with different objectives and eyepieces is given 
below : — 



Initial 

Approximate Magnification with 

Focal Length of 

Magnifying 


Eyepiece. 


Objective. 

Power. 






X 6 

X 10 

X 15 

16 mm. (1 in.) 

10 

62 

no 

155 

4 mm. (i in.) 

45 

285 

490 

690 


Focal Length of 
Objective. 

Approximate 

Field of View Wi 

Ith Eyepiece. % 

X 6 

X 10 

X 15 

\ 

16 mm. (f in.) 

4 mm. (1 in.) 

2-0 mm. 

0-5 mm. 

i-i mm. 
0-25 mm. 

0-89 mm. 

0-21 mm. 


When using the microscope it is useful to know the size of 
the field of view. For instance, if we know that using a 4-mm. 
objective and a X 6 eyepiece our field of view is approximately 

* For those who wear spectacles more comfortable observation is obtained 
by the use of a “ telaugic ” eyepiece (Fig-. 30}. This gives a large, flat held 
and an increased distance of eyepoint, so that the spectacles do not catch on 
the eyepiece. 

t These magnifications only apply for a tube length of r6o mm. For 
every 20 mm. extension of the draw-tube an additional magnification of about 
10 to 15 per cent., varying with the lenses used, is obtained. 

I The size of the field with any particular combination of lenses may be 
readily determined by means of a stage micrometer. 
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0*5 mm., or SOOju., the size of objects such as the Aracnoidiscus 
diatom in agar (loo to ^ooy) or the large rosette crystals of 
calcium oxalate in rhubarb (up to 200/x) may be roughly 
estimated. For accurate measurement, however, the eyepiece 
micrometer or camera lucida is used. 

Apparatus for making Microscopical Measurements and Drawings 
to Scie. — ^^Vlicroscopical measurements may be made either 
b3' means of a stage micrometer and an eyepiece micrometer 
or by means of a stage micrometer and camera lucida. 

Micrometers. — ^Two scales are required, known respectively 
as a stage micrometer and an eyepiece micrometer . The stage 
micrometer is a glass slide 3 in. X i in. with a scale engraved 
on it. The scale is usually i or i*i mm. long and is divided 



into o-i and 0*01 parts of a millimetre. The eyepiece micro- 
meter may be a linear scale of 10 mm. divided into i mm. and 
o*i-mm. parts {i,e. smaller scale in Fig. 31) or may be ruled in 
squares of i mm., 0*5 mm .., or 0*25 rnm. The value of one 
eyepiece division is determined for every optical combination 
to be used, a note being made in each case of the objective, 
ej^epiece, and length of draw-tube. 

To do this, unscrew the upper lens of the eyepiece, place 
the eyepiece micrometer on the ridge inside, and replace the 
lens. Put the stage micrometer on the stage and focus it in 
the ordinary way. The two micrometer scales now appear as 
in Fig. 31. If exact coincidence of graduations on the two 
^les has not been obtained, the draw-tube may be extended 
until an accurate reading is possible. In the example figured. 



APPARATUS AND REAGENTS 


it v^dll be seen that wben tbe 7 line of tbe stage micrometer 
coincides with the O of the eyepiece the 10 of the stage coincides 
with 7-7 of the eyepiece. Since the distance between 7 and 10 
on the stage scale is 0*3 mm., 77 of the small eyepiece divisions 
equal 0-3 mm. or 300//, ; therefore i eyepiece division equals 
300/77 or 3 ‘9ft. For accurate work the eyepiece, Fig. 32, fitted 
with a vernier scale. Fig. 33, may be recommended. 



Fig. 32. — Micrometer 
eyepiece witli 

vernier scale (R. 
& J. Beck, Ltd.). 


Fig. 33. — Vernier 
scale micrometer 
showing object 
3-25 mm. long 
(R. dc J. Beck, 
Ltd.). 


Camera Lucida. — ^Various forms of apparatus have been 
designed so that a magnified image of the object under the 
microscope may be traced on paper. Of these the Swift- Ives 
camera lucida and the Abbe drawing apparatus may be 
mentioned. The former is particularly suitable for students' 



Fig. 34. — Swift-Ives camera Fig. 35. — Drawing board 

Incida (J. Swift & Son, Ltd.). (R. & J. Beck, Ltd.). 


use on the grounds of price, compactness, and durability. This 
instrument (Fig. 34) fi.ts over the eyepiece. When in use light 
from the object passes direct to the observer’s eye through an 
opening in the silvered surface of the left-hand prism (Fig. 36) . 
At the same time light from the drawing paper and pencil is 
reflected by the right-hand prism and by the silvered surface 
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so that the pencil appears superimposed on the object, which 
may thus be traced. 

When using the instrument, the illumination of both object 
and paper must be suitably’ adjusted and the paper must be 
tilted at the correct angle to avoid distortion. The correct 
position of the drawdng-board * to which the paper is pinned 
is found as follows : Place a stage micrometer on the microscope 
stage and trace its divisions on the paper. Measure the 
distances between the lines drawn, and if they are unequal tilt 



Fig. 36. Diagram showing use of camera lucida and drawing board. 


board and repeat the tracing and measuring until all the 
hues are equally spaced. 

To make measurements or scale drawings trace first the 
stage micrometer and then, using the same objective eyepiece 
and length of draw-tube, trace the object. 

^ Example i.— The tracings of the o-i-mm. divisions of the 
micrometer were 25 mm. apart. Therefore the magnification 


adjust^ aSglf 
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of draTvdng was 25 -f- o*i = 250. Some lycopodium spores 
were sketclied and the mean diameter of their tracings was 
7 mm., or 7,000^. As the magnification is 250, the actual mean 
size of the spores is 7,000 250 = 28/x. Thus the spores 

have been measured and sketches made of them at a magnifica- 
tion of 250. 

Example 2. — ^Using the same lenses and length of draw-tube 
as above, the trace of an Arachnoidiscus diatom had a diameter 
of 4*3 cm. Its actual size was therefore 43,000 250/x ~ I72ya. 

Example 3. — To show the affect of lengthening the draw- 
tube, this was pulled out about 2 cm. The tracings of the 
o-i-mm. divisions were then 3*1 cm. apart, i.e. the magnifica- 
tion had increased from 250 to 310. The same Arachnoidiscus 



Fig. 37. — Polariser Fig. 38. — Analyser to fit to fit eyepiece 

(C. Baker). nosepiece (C. Baker). (C. Baker). 


diatom was again traced and the diameter of the sketch 
increased from 4*3 to 5-4 cm. Its size was therefore 54,000 
giOfjL = 174/X, which agrees with the figure obtained in 
Kxample 2. It will be evident that any alterations made in 
the length of the draw-tube must be accompanied by a fresh 
determination of the degree of magnification. 

Polarisatioii. — -The apparatus consists of a polariser, or 
Nicol prism, fitting below the microscope stage (Fig. 37) and 
a similar prism forming the analyser fitting above the objective. 
As in the case of the polarimeter, with which students will be 
familiar, one Nicol is kept stationary whilst the other is 
rotated.* For botanical work the analyser is usually fitted, 
w'hen required, either between the objective and nosepiece 
(Fig. 38) or over the eyepiece (Fig. 39). In geological work 
polarised light is so frequently used that the apparatus is 
permanently fitted, the analyser being placed in the body of the 
microscope. 

The theory and use of the polarimeter is described in Bentley and 
Driver's Textbook of Pharmaceutical Chemistry, p. 17. 

6 
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Many cr\’stalline substances show brilliant colours when 
exaniiiied in polarised Hght, e.g. asbestos, sucrose, cinnamic 
acid. Starch grains often show a black cross, a phenomenon 
due to the crA’stalhne refraction of the material. Polarised 
light is useful for the detection of calcium oxalate, especially 
when only small quantities are present in the tissues under 
examination. It appears bright on a black background. 

As mentioned on p. 94, calcium oxalate crystals may belong 
to either the tetragonal or monocHnic systems. In botanical 
literature, however, the ciy^stals are usually described as prisms, 
rosettes, etc., without reference to their crystal system. The 
determination of the ciystal system involves the use of a 
geological microscope fitted with a graduated rotating stage 
and polarising apparatus. The crystal is placed with its axis 
parallel to the longer diagonal of the polarising Mcol. If the 
cr>^stal belongs to the tetragonal system the polarised light 
passes unchanged and on reaching the analyser is completely 
absorbed, the field appearing dark, i.e. extinction takes place. 
Monodinic cr>-stals, on the other hand, only show extinction 
when the vertical axis makes an angle with the diagonal of the 
Nicol knowui as the extinction angle. As the crystal is rotated 
through 360° it becomes invisible, i,e, shows extinction, four 
times.* 

* For further details books on the microscopical study of minerals should 
be consulted. 
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Reagents 

Directions for making tke following reagents, if not given 
below, will be found in the appendices of the B.P. or B.P,C. 
vSome of the uses of each are mentioned, but further details 
will be found elsewhere, particularly in the remaining sections 
of this part. 

Acetic Acid, B.P. — ^Used to distinguish between calcium 
carbonate and calcium oxalate. 

Alcohol. — ^DifEerent strengths are used for preserving 
material and for hardening. Alcohol acts as a clearing agent 
by dissolving oils, resins, chlorophyll, etc. It does not dissolve 
gums and mucilages, and is therefore a useftil mountant for 
drugs containing them. 

Alkanna Tincture, B.P. — Stains oils and fats and suberised 
and cuticularised walls. 

Chloral Hydrate Solution, B.P.C. — A valuable and -widely 
used clearing agent. Dissolves many cell contents, particularly 
on w^arming ; expands shrunken cell walls. Particularly useful 
when examining for calcium oxalate. 

Chloral Hydrate and Glycerin, B.P.C., combines the properties 
of chloral hydrate and glycerin and is therefore useful for slow 
clearing without heat. Preparations mounted in it may be 
left for some days without undue evaporation. 

Chloral Hydrate with Iodine, Sohition of, B.P. — ^When used 
cold causes shrunken cells and starch grains to expand. The 
iodine stains starch or hemicelluloses. 

Chlorinated Soda, Solution of, B.P. — See Clearing and 
Bleaching (p. 113). Prolonged action of the reagent causes 
delignihcation and removal of starch. 

Chloroform. — K defatting agent. 

Chromic Acid Solutioyi, B.P.C. — See Disintegration and 
Isolation of Tissues. 

Chromic and Nitric Acids Solution, B.P.C. — See Disintegra- 
tion and Isolation of Tissues. 

Clove Oil. — ^A useful clearing agent for powders containing 
much oil. 

Cresol. — ^A suitable mountant for chalks, kieselguhr, etc. 

Chlor-zincAodine Solution, B.P.C. (syn. Schulze’s Solution). 
— ^Used as test for walls containing celluloses. Iodine solution 
followed by sulphuric acid gives similar results. 

Copper Oxide, Ammoniacal Solution of, B.P. — ^This solution 
must be freshly prepared. It causes swelling and solution of 
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cellulose walls. The balloon-like swellings produced in raw 
cotton are best obser\'ed if the reagent be diluted with an equal 
volume of distilled water. This solution is commonly known 

as ciioxam. 

Coralliuy Alkaline Solution of^ JB.JP. (syn. Corallin-Soda) . — 
Stains the callose of sieve-plates and some gums and mucilages. 

Ether-Alcohol, B.P.C. — defatting agent. 

Ferric Chloride, Test Solution of, B.P. — See Tannins. 

Glycerin, Dilute. — One volume of glycerin is mixed with 
two volumes of distilled water. A useful mountant for prepara- 
tions which may be left for some time, as it does not dry up. 
It has some clearing action, but is much inferior in this respect 
to chloral hydrate. It is not a good mountant for starch, as 
the grains tend to become transparent and striations, etc., are 
difficult to see ; water is preferable. 

Hydrochloric Acid. — This is used in testing silk, preparations 
containing colchicine, and with phloroglucinol as a test for 
lignin. 

Iodine Water, B.P.C. — ^This gives a blue colour with starch 
and hemicelluloses. Iodine followed by sulphuric acid resembles 
chlor- zinc-iodine (q.v.). 

Lactophenol Solution, B.P.C. — See Clearing. 

Mercury Nitrate, Solution of, B.P. (syn. Millon’s Reagent). — 
See aleurone grains, wool, and silk. 

Nitric Acid lo per Cent. — See crude fibre. 

Phloroglucinol, Solution of, B.P. — Used with hydrochloric 
acid as a test for hgnin. 

Picric Acid Solution. — A saturated solution in water which 
is used to stain aleurone grains and animal fibres. 

Potash Solution. — A 5 per cent, solution is commonly used 
for clearing and disintegrating (q.v.) and for the separation 
of cotton from wool. A 50 per cent, solution is used in testing 
for chitin in ergot and for eugenol in clove. A 2^ per cent, 
solution is used for preparing crude fibre (q.v.). 

Potassio-Cupric Tartrate, Solution of, B.P. (syn. Fehling's 
Solution). — ^Used in testing for reducing sugars such as 
glucose. 

Potassio-Mercuric Iodide, Solution of, B.P. (syn. Mayer’s 
Reagent). — ^A precipitant for most alkaloids. 

Potassium Chlorate and Nitric Acid. — Produces bleaching, 
disintegration, and delignification. 

Ruthenium Red, Solution of, B.P. — Stains many gums and 
mucilages. 
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Sodium Carbonate Solution, B.P,C. — TMs is useful for tlie 
disintegration of fibres such, as flax, where the use of an 
oxidising agent is not required. 

Sudan III Solution, B.P,C. — ^This stains oils and suberised 
walls, and is useful in the examination of secretory cells and 
ducts, the w’-alls of which are often suberised. 

Sulphovanadic Acid Solution, B.P.C. — Used as test for 
str^'chnine. 

Sulphuric Acid 8o per Cent. — Concentrated sulphuric acid 
causes rapid charring, but dilutions containing 8o per cent, or 
less form useful reagents. The behaviour of cotton, wool, 
chalks, calcium oxalate, and sections of strophanthus seeds 
should be noted. The acid dissolves cellulose and lignified 
walls, but has little action on suberin. 

Water, Distilled. — A useful mountant for the examination 
of starches. Sections which have been bleached with solution 
of chlorinated soda or similar reagent may be freed from the 
bubbles of gas which the 3 ’' frequently contain by placing them 
in freshl\" boiled distilled water. 
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STARCHES, EPIDERMAL TRICHOMES, AND 
CALCIUM OXALATE; POWDERED DRUGS 


Starches 


Bistributioii and Formation. — Starcli. occurs in granules of 
varying size in almost all organs of plants. Of particular 
pharmaceutical interest are the starches of maize and rice, 
which constitute the starch of the British Pharmacopoeia ; 
and potato starch, which is used for the preparation of soluble 
starcli, a reagent used in the Pharmacopoeia. Starch is found 
most abundantly in roots, rhizomes, fruits, and seeds, where it 
usually occurs in larger grains than are to be found in the 
chlorophyll-containing tissues of the same plant. The small 
grains of starch formed in many leaves and stems by the 
condensation of sugars are afterwards hydrolysed into sugars 
so that they may pass in solution to storage organs where, 
under tbe influence of leucoplasts, large grains of reserve 
starcli are formed. The simplest method of expressing these 
changes is as follows : — 


Condensation 

/lCgHi2^6 " (^6^10^5)^ “f" WH2O 

Hydrolysis 


In certain families and genera starch is not formed hut other 
carbohydrate reserves may be built np, e.g. inulin in the 
Compoatae. In other cases the carbohydrates produced are 
convertedL into fixed oils and fats. For example, hnseed, which 
contains starch whilst developing, contains only oil and protein 
as food reserves when ripe. 

The following starch-containing plants may he mentioned : — 


Family 

Cjcadaceae. 

Grannneae. 


Palia8&. 

Mnsacese. 


Plant 

Zamia floridana. 

Zea Mays, 

Oryza sativa. 
Triiwum sativum, 
Avema sativa. 
Hofisum species. 
Secede cer&aJe, 
Metfoxylofi Kumphii. 
Musa species. 


Economic Product 

Florida arrowroot. 
Maize or com. 

Rice. 

Wheat. 

Oats. 

Barley. 

Rye. 

Sago. 

Bananas and plantains. 
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Pamily Plant Ecomomic Product 

Zingiber aceae. Zingiber officinale. Ginger. 

Curcuma species. Bast Indian arrowroot and 

turmeric. 

^Marantacese. Maranta arundinacea. West Indian arrowroot. 

Caimace^. Canna editlis. Queensland arrowroot or 

tons les mois. 

Polygonacese. Polygonum Fagopyrimi. Buckwiieat. 

Buphorbiacese. Manihot utilissima. Manihot starcli and tapioca. 

Leeumi Phaseoliis vulgaris. Bean dour. 

Ervimi Lens. Bentil fLonr. 

Pisiim sativum. Pea flour. 

Convolvuiaceae. Ipomosa Batatas. Sweet potato. 

Solanacese. Solanum tuberosum. Potato. 

Chemical Nature of Starches. — Commercial starches, the 
preparation of which is described below, are not chemically 
pure. Typical analyses * are as follows : — 

Maize. Rice. Potato. 

Starch.. .. 84*14 per cent. 85*18 per cent. 79*64 per cent. 

Water.. .. I 3*95 »» »» I 3‘70 19*22 ,, 

Nitrogenous Matter 1*53 ,, ,, o*88 ,, ,, 0-69 ,, ,, 

Ash . . . . 0*38 „ „ 0*30 ,, ,, 0-33 ,, 

Starch grains consist of more than one chemical compound, 
since it has long been known that although they are normally 
insolnble in cold water long grinding with sand will produce a 
solution which gives a blue colour with iodine. The grain is 
found to consist of an outer insoluble portion known as 
amylopectm and an inner soluble portion called amylose. 

Under suitable conditions, boiling water and certain acids, 
enzymes, and solvents rupture, decompose, or dissolve the 
amylopectin, allowing solution of the amylose to take place. 
Amylopectin is responsible for the high viscosity of starch 
paste, whereas a solution of amylose is non- viscous. 

The analyses of Taylor and Iddles f indicate that potato 
starch contains less amylopectin than maize or rice. It thus 
seems well suited for the preparation of soluble starch and 
dextiins. Their figures are : — 

Amylose Amylopectin 

(P-amylose) {a- amylose) 

Maize and rice - . . . , . 81—88 per cent. 12-19 per cent. 

Potato .. -. .. .. 97—98 „ ,, 1*8— 2*9 ,, 

Hydrolysis of Starch. — By hydrolysing starch under suitable 
conditions one prepares commercial dextrins, maltose, 
commercial liquid glucose, and pure glucose or dextrose. 

(a) Action of Enzymes . — ^Malt extract has little action on 

* Tlioms, Handbuch der Pbannazie, Band V. 
f Taylor and Iddles Applied Chemistry Reports, 1926, 499. 
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whole starch grains, but hydrolyses the amylose fraction of 
starch paste or a solution of soluble starch as follows : — 

Soluble starch or — i^^gjj^-throdextrm — >Acliroodes:trin — >Maltose. 
polymerised am^^lose ^ 

Eridihrodextrin is identical with animal starch or glycogen. 
It gives a reddish-brorvm colour with iodine, whereas achroo- 
dextrin and maltose give no colour. Further hydrolysis of 
the maltose to glucose can be brought about by the enzyme 
maltase contained in yeast. 

{b) Action of Acids . — As mentioned above, the first action 
of acids is to form “ soluble ’ ' starch. Hydrol^^sis then proceeds 
with the formation of dextrins, maltose, and finally glucose. 

Soluble Starch is prepared by treating commercial potato starch 
with hydrochloric acid until, after washing, it forms a limpid, 
almost clear solution in hot water. A soluble starch solution 
should show little reduction with Fehling’s and give a deep 
blue colour with iodine. 

Commercial Dextrins. — High-grade dextrins, such as the 
dextrin of the are prepared by heating starch, which 

has been moistened with a small quantity of dilute nitric acid 
and dried, at iio° to The product is known as white 

dextrin. Inferior dextrins which have a yellow or brown 
colour are prepared by roasting starch at 150° to 250° without 
the addition of acid. 

White dextrins may contain np to 15 per cent, of soluble 
starch, the remainder consisting largely of erythrodextrin. 
Yellow dextrins are more completely hydrolysed and, unlike the 
white variety, contain appreciable quantities of maltose, which 
may be detected and estimated by means of Fehling's solution. 

As dextrins are soluble in water they should be examined 
microscopically in alcohol, when the variety of starch used, 
usually potato or maize, may be ascertained. Soluble starch 
and dextrins usually show a well-marked cross when examined 
in polarised light. When irrigated with iodine solution any 
grains consisting of soluble starch stain blue, whilst those which 
have been dextrinised are coloured violet or reddish violet. 
If iodine is added to aqueous solutions of soluble starch, white 
dextrin, and yellow dextrin the colonrs obtained are blue, 
bluish- violet, and dull reddish-violet respectively. 

Prepaxalion of Starches. — ^Many patented processes are in 
use for particular starches and the procedure adopted depends 
on the degree of purity desired and the nature of the com- 
pounds from which the starch has to be freed. Cereal starches. 
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for example, have to be freed from cell debris, oil, soluble 
protein matter, and the abundant insoluble proteins (glutelins 
and prolamins) known as gluten/' Potato starch, on the 
other hand, is associated with vegetable tissue, mineral salts, 
and soluble proteins. 

Wheat and similar starches were at one time prepared by 
kneading the ground material in a stream of water, the gluten 
remaining as a stiVW mass whilst the starch separated on 
standing from the milky washings. The following method is, 
however, more satisfactory. 

Preparation of Maize and Rice Starches .^ — The grain is 
first softened by soaking at 50 for about two days in a 0*2 per 
cent, solution of sulphurous acid. This assists disintegration 
and prevents putrefaction. The fruits are then disintegrated 
by miUs which tear them without breaking the oil- containing 
embr^'o or germ." The germs are floated and skimmed off 
from a suspension in water and used for the preparation of 
germ oils, which are an important source of vitamins. Maize 
germ oil is official in the U.S.P. XI under the name '' Oleum 
Maydis." The remainder of the grain is ground wet until 
over 95 per cent, passes, in the form of a 40 per cent, paste, a 
fine silk sieve ; the remainder, consisting of cell debris and some 
gluten, is retained by the sieve. After further dilution, the 
remaining gluten may be removed as follows : the suspension 
is allowed to flow through shallow troughs about 120 ft. long 
and 2 ft. wide, when the starch, being heavier than the gluten, 
deposits first. This tabling" operation is repeated several 
times, or the remaining gluten may be removed by treating the 
starch with dilute alkali. Gluten dissolves or swells in alkali 
and is separated from the starch by means of a JSTo, 200 sieve, 
which allows the starch to pass through. The starch is 
thoroughly w'ashed in a filter press, dried at a moderate 
temperature, and powdered. 

Preparation of Potato Starch . — The potatoes are washed and 
reduced to a fine pulp in a rasping machine, f Much of the 
cell debris is removed by washing the pulp in an inclined 
trough having a wire gauze bottom. The milky liquid which 
passes through the sieve contains starch, soluble proteins and 
salts, and some cell debris. On standing the starch separates 
more rapidly than the other insoluble matter, and may thus 
be purified by processes resembling the tabling " described 

* For further details see Read's Industrial Chemistry aad Applied Chemistry 
Reports, 1920 and 1926. 

t For plans of machines and starch factory, see Trotman and Thorp, 
JBleaching and Finishing of Cotton. 
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above. The amotmt of protein, matter in potato is only about 
i-Q per cent., whereas maize and rice contain about 9-0 and 
7-5 per cent, respectivelj". As the proteins of potato are of 
different nature from those of the cereals, being water-soluble, 
no treatment -with alkaU is required. The washed starch is 
collected, dried, and powdered. 

Macroscopical Characters. — Starch occurs in irregular, 
angular masses or as a white powder. It is insoluble in cold 
water but forms a coUoidal solution on boiling with about 
fifteen times its weight of water, the solution forming a trans- 
lucent jelly on cooling. A starch mucilage is coloured deep 
blue with solution of iodine, the colour disappearing on heating 
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Fig. 40. — ^Starclies. A, maize; B, rice; C, wheat; D, potato. All 200: i. 

(After Tschircli.) 


to 93° but reappearing on cooling. Maize starck grains begin 
to swell in water at 50°, become pasty at 55"^, and completely 
lose their form at about 62°. Other starches show these 
changes at different temperatures. 

Maize starch is neutral, but other commercial starches fre- 
quently show an acid or adkaline reaction to litmus or other 
indicators. Tbe test may he conveniently made as follows : 
Shake about 0*2 G. of the starch with 5 ml. of distilled water and 
2 drops of B.D.H. universal indicator. The latter is a mixture 
of indicators which gives different oolotirs according to the pH. 
of the solution to which it is added. A table indicating the 
pH. corresponding to each colonr is given on the label. Maize 
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starcli when so tested is almost exactly neutral, rice is definitely 
alkaline, whilst wheat and potato may be acid. 

Microscopical Characters. — Starches are best identified by 
means of the microscope. Some of the more important 
microscopic characters of maize, wheat, rice, and potato 
starches are set out below. Tables in which many other 
starches are dealt with in a similar manner are given by Wallis * 
and by Moeller and Criebel.f 


Variety 

Form. 


Size in fj,. 


Hilum and 

Small. 

Medium. 

Large. 

Striaiions. 

Ma!26 

Grains from, the outer 
homy endosperm m-ol- 
ler-shaped. 

10 

15 to 25 

30 

Hilum a central 
triangular or 2- 
to 5 - stellate 


Grains from the inner 
mealy endosperm poly- 
hedral or sub -spherical. 

In the commercial 
starch all the grains 
are simple. 

2 

10 to 30 

35 

cleft. ISTo stria- 
tions. 

Wheat 

Larger grains lenticular, 
smaller ones globular, 
A few compound grains 
with 2 to 4 compo- 
nents, which, if sepa- 
rated, are polyhedral. 

2 to 9 

30 to 40 

45 

Hilum a central 
point, seldom 

cleft. Concen- 

tric but rather 
faint striations. 

Rice 

Compound grains with 
an angular outline and 
from 2 to about 150 
components. Compo- 
nent grains polyhedral, 
with sharp angles. 

2 

4 to 6 

10 

Hilum a central 
point. 

Ho striations. 

Potato 

Mostly simple grains, 
hatchet-, wedge-, or 
mussel-shaped. A few 
compound grains of 2 
or 3 components firmly 
fused together. 

2 

45 to 63 

no 

Hilum in the form 
of a point ; 

eccentric about 
^ to Concen- 
tric striations 

well marked, 

some rings, how- 
ever, more dis- 
tinct than 

others. 


Epidermal Trichomes and Calcium Oxalate 

The diagnostic importance of epidermal trichomes and 
calcium oxalate lies in the fact, that, although very common, 
both show great variation in form and size. Their micro- 
topical examination presents little diffictdty and forms a good 
introduction to the microscopy of drugs. 

* Wallis, P.J., 1933, Sept. 30, 396. 

Moeller and Griebel (after A. Sclioll), Mikroskopie der Nahrunes- und 
GmussmtUel aus dem Pflanzenreiche^ pp. 45 to 47. 



PHARMACOGNOSY 


Epidermal Tricliomes 

Xiie epidermis of leaves and flowers may often f)e examined 
without cutting sections. The drj' material is exposed to a 
moist atmosphere or soahed in water and a piece of epidermis 
removed. In the case of many leaves this is readily done hy 
turning it over a finger, making a small sUt in the epidermis 
with a razor and tearing off a portion of epidermis with the 
fingers or pair of forceps. This may be mounted in dilute 



biserial hair ; H i to L, types of glajadular hairs ; M, unicellular, cystolith- 
contaiiiing hair of Cannabis saliva. (After Thoms’ Handhuch der 

Pharmazie.) 

glycerin or solution of cMoral hydrate and examined. Thin 
leaves, petals, wormseed, etc., may be mounted whole and 
cleared by boiling gently with solution of chloral hydrate for a 
few minutes. In such cases not only may the epidermis be 
examined but by focusing downwards sub -epidermal structures 
such as calcium oxalate crystals, volatile oil cells, and stone 
cells may be seen. Thick leaves and those wMch are strongly 
cuticnlarised may be heated in a water-bath for about 30 
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minutes with dilute potash solution. After washing, the 
fragments are mounted and, hy gentle pressure and sliding of 
the cover-slip, the epidermis may be separated from the under- 
hung tissues. 

In the case of fruits and seeds the epidermis may be difficult 
to remove and thin surface sections must be cut with a razor 
and cleared. Alternatively, disintegration methods may be 
employed. For example, the lignified hairs of nux vomica 
ma3^ be separated b^^ macerating pieces of testa in a mixture 
of nitric and chromic acids. See Disintegration, p. 114. 

Most leaves and many herbaceous stems, flowers, fruits, 
and seeds possess hairs or trichomes of one kind or another. 
Many show hairs of more than one type. Hairs may be 
grouped into non-glandular or clothing hairs and glandular 
hairs. In both classes uni- 
cellular and multicellular 
hairs are found. Some 
examples of the difierent 
types of hair met with are 
shown in Fig. 41. A par- 
ticular type of hair is often 
characteristic of a plant 
family or genus, e.g. biserial 
hairs of the form shown at 
H are common in the Com- 
positae, while glandular 
hairs such as K and h are 
found in the Solanaceae and 
habiatse respectively. If 
the glandular hairs of peppermint are examined it will be noted 
that the cuticle is raised by a secretion of oil in which crystals 
of menthol may be seen. For t3pes of hair found on seeds 
see cotton (Fig. 48), strophanthus seeds (Fig. 192), and nux 
vomica seeds (Fig. 188). 

The epidermal trichomes having been examined, other 
epidermal structures of diagnostic importance may be noted. 
Stomata, for example, are most commonly found on aerial 
leaves, but do occur in other positions, e,g. on bulbs, corms, 
herbaceous stems, and fruits. In some leaves stomata are 
entirely absent from one surface, while in other leaves they are 
equally numerous on both surfaces. Any characters such as 
sunken stomata or the presence of an abnormally or locally 
thickened cuticule should also be noted. For example, the 



Fig. 42. — ^Types of stomatal arrange- 
meat. A, Atropa Belladonna ; B, 
typical labiate ; C, Arctostaphylos 
Uva-ursi ; D, Cassia angustifolia. 
(After Thoms’ Handbuch der Phar- 
maziei) 
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striated cuticle of belladoima and the locally thickened cuticle 
of coca leanes are important diagnostic characters of these 
leaves. Of great diagnostic importance are the number, 
relative size, and position of the epidermal cells surrounding 
the stomata. Characteristic types found in the Solanacese, 
Labiatse, Ericaceae, and Eeguminosae, are shown in Fig. 42. 


Calcium Oxalate 

Calcium oxalate is a dimorphous salt and both types of 
crj’-stal occur in plants. They belong either to the tetragonal 



Fig. 43. — Calcium oxalate. A-D, crystals of the tetragonal system ; E— I, 
crystals of the monoclinic system ; A3, a rosette crystal formed of tetra- 
gonal crystals as seen in Ai and A2 ; D, a tetragonal prism ; E, a 
monoclinic prism ; G, raptddes ; H, a single needle crystal ; I, a sphsero- 
crystal. i|After Thoms’ Handhuch der JPharmajzie.) 

or motioclimc systems. Calcium oxalate crystals of these two 
systems difier in the amount of water they contain and in 
optical properties. In the tetragonal system the crystals have 
forms such as are shown in Fig. 43, A-D. These have the 
fomnila CaC204,3H2O and are formed owing to supersaturation 
of the sap with calcium oxalate. In the monoclinic system the 
cryrstals have forms such as are shown in Fig. 43, F— I, have 
the formula CaC204,H20, and result from an excess of oxalic 
acid. The monoclinic crystals shine more brightly in polarised 
light than do those of the tetragonal system. In addition to 
the forms illustrated above very minute crystals, known as 
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sandy crystals or micro-crystals, are fotind in tlie Solanacese 
and other families. They appear to belong to the tetragonal 
system. Numerous examples of the diagnostic use of calcium 
oxalate will be given later, but the following may be men- 
tioned here. The solanaceous leaves may be distinguished 
from one another, belladonna by its sandy crystals, stramonium 
by its cluster ciy^stals, and henbane by its single and twin 
prisms. Similarly", phytolacca leaves and roots, which both 
possess acicular cr>3tals, are distinguished from belladonna 
leaves and roots which have sandy crystals. Single needle 
crystals occur in ipecacuanha (Fig. 2ro), bundles of raphides 
in many monocotvdedons, e.g, squhl (Fig. 75), and rosette 
ciy^stals in rhubarb (Fig. 100). The type of cell in which the 
ciy^stals occur is often of diagnostic importance, e.g. cascara 
bark has rows of cr^’-stal-containing parenchymatous cells 
abutting on the fibres, and calumba contains calcium oxalate 
in the sclerenchymatous cells. 

A Scheme fox the Examination of Powdered Drugs 

The following scheme is intended to show how the presence 
or absence of starch, epidermal tiichomes, and calcium oxalate 
may be used for the identification of important vegetable 
drugs.* 

Preliminary Tests 

1. Note the colour. White: acacia, tragacanth ; light 
yellow : colocynth, peeled liquorice, ginger, quassia, squill ; 
light brown : ipecacuanha, unpeeled liquorice, nux vomica, 
fennel, gentian, cascara, coriander, cardamoms, jalap, linseed, f 
aloes t ; cinnamon brown : cinnamon, catechu ; dark brown : 
clove, Curacao aloes f ; dark reddish-brown : nutmegs ; violet : 
ergot ; red : cinchona ; orange : rhubarb ; pale green : 
lobelia ; green : heubane, belladonna, stramonium, senna, 
digitalis. 

2. Note odour. The following are particularly character- 
ised ; ginger, fennel, gentian, coriander, cardamoms, cinnamon, 
clove, nutmegs. 

3. Note taste. The following are particularly characterised : 
aromatic : coriander, cardamoms, cinnamon, clove, nut- 
megs ; aromatic and pungent: ginger; bitter: colocynth, 

wMcb. detailed microscopical study is laid down in the Ph.C. 

& B.Piiarrn.- syllabuses axe included. 

t ^oes vary considerably in colour ; linseed is difficult to powder iinelv 
and snows a mixture of lignt and dark-coloured particles. 
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quassia, nux vomica, gentian, aloes, squill, cincliona ; sweet : 
liquorice ; astringent : catecliu. 

4. :VIix a small quantity of the powder with a few drops of 
water and allow to stand. Aqueous extracts and inspissated 
juices such as catechu and aloes dissolve almost completely, 
w^Mlst the gumm3- or mucilaginous nature of drugs such as 
acacia, tragacanth, and linseed becomes apparent. 

5. Shake a little pow-der in half a test-tube full of water and 
if any marked frothing occurs suspect saponin- containing drugs, 
such as clove and nutmegs ; boil gently and note the odour of 
any volatile oil evolved. Filter and divide into two portions, 
which mav" he tested for tannins and for anthraquinone deriva- 
tives as follows : — 

(a) Test for tannin, using iron complex or phenazone (see 
Chapter XXIV). Tannins are absent from quassia, squill, 
strophanthus, capsicum, and ginger ; gallitannins are present 
in cloves and rhubarb ; pklobatannins are present in catechu, 
krameiia, prunus serotina, cinnamon, and cinchona. 

(h) Test for anthraquinones by shaking the aqueous 
extractive with ether, separating and adding to the ethereal 
solution about one-third of its volume of ammonia. A pink 
colour is obtained with rhubarb, cascara, and senna and with 
some samples of aloes. 

Microscopical Examination. 

If the prehminary tests have shown that the drug dissolves 
or becomes mucilaginous in water, trial should be made with 
other liquids such as alcohol, olive oil, or lactophenol until one 
is found in which the drug is insoluble. In most cases, however, 
the fallowing procedure may be adopted : — 

Examination for Starch. — ^Mount in water, examine, and 
sketch any granules observed and prove whether they are 
starch or not by irrigation with iodine water. 

Examination for Epidermal Trichomes and Calcium Oxalate. 
— Mount in chloral hydrate, boil gently until clear, and examine. 
To ensure that calcium oxalate, if present in small quantity, 
is not overlooked, polarised light may he used. 

Examination for Lignin. — ^Moisten the powder with an 
alcohoKc solution of phloroglucinol and allow to stand until 
nearly dry ; add concentrated hydrochloric acid, apply a 
cover-glass, and examine. Xote the presence or absence of 
iigmfied vessels, fibres, parenchyma, sclereids, or hairs {e.g. nux 
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vomica) . If vessels or fibres do not stain pink suspect rhubarb 
or ginger. 

A considerable amount of information should have been 
derived from the preliminary tests and the above three mounts 
and the examination may be continued on the hnes indicated 
in Chapter X to determine as far as possible the arrangement of 
the tissues, the markings of the cell walls, and the chemical 
nature of the walls and cell contents. It is often advisable 
to defat oily powders, to bleach highly coloured ones, and to 
prepare a crude fibre of those containing much starch. 

The identity of a powder should not be regarded as 
established untd it has been compared with one of known 
authenticity^'. Microscopical measurements of cells and cell 
contents should be made whenever possible and compared with 
those published in the Hterature. 

The following tables, based on the presence or absence of 
starch, epidermal trichomes, and calcium oxalate, may be found 
useful. Although only designed to include a limited number of 
important drugs, they may easily be extended to include a 
larger number by the student or teacher. 


TABbB I 


Absent: Starch, Epidermal Trichomes, and Calcium Oxalate 


Drug. 

Aloe. 


Acacia. 


Colocynthis. 


Chavacteristi cs. 

Present . — Sphnters moimted in olive oil show 
yellovish-brown amorphous masses (vitreous aloes) 
or similar masses containing minute crystals of aloin 
(hepatic aloes). Almost entirely soluble in water. 
Confirm by chemical tests. 

Absent . — ^Vegetable tissues, except when derived 
from the Zanzibar variety, which may contain leaf 
fragments. 

Present . — ^When mounted in alcohol and irrigated 
with water the sharp edges of the particles rapidly 
become rounded and solution takes place. Confirm 
by chemical tests. 

Absent . — Vegetable tissues. 

Present . — -Abundant thin-walled, slightly lignified, 
parench3riiiatous cells with oval pitted areas ; few 
spiral and annular vessels. 

Absent. — Sclereids, fixed oil, and aleurone (except 
in such amormts as are allowed by the official limits 
for seeds and outer lind) ; large vessels, cork, and 
fibres. 
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Drug. 

Ergota. 


Iiirnim. 


Characteristics . 

Present . — Pseudoparenchyma witli highly refrac- 
tive -walls ; purplish-brown rectangular cells ; fixed 
oil and protein. Confirm by test for chitin (p. 119) 
and by ifishy odour on boiHng with potash. 

Absent. — ^I/ignified tissues. 

Present . — ^Isodiametric epidermal cells with muci- 
laginous walls ; collenchyma ; lignifiied and pitted 
sclerenchymatous cells I20~i90/i long and 14— 
wide ; polygonal pigment cells with reddish-brown 
contents ; abundant fixed oil and aleurone grains 


Absent . — Starch (except an occasional grain from 
unripe seeds) ; vessels and cork, 

Note . — The oxalate and starch in gentian are often somewhat 
difficult to find. If a powder appears to contain no oxalate, starch, 
or epidermal trichomes the possibility of it being gentian (Table 6) 
should be considered. 


Space for sketches or notes on other drugs, such as senega : — 



POWDERED DRUGS 


TABI^B 2 

Present : CaJciiun Oxalate 


ATbsent : Starch and Epidermal Trichomes 


Drug. Calcium Oxalate. 

CaryophyUmn. Rosettes 6-20/z. 


Coriandnun. Rosettes 3--ioju in 
the aleurone grains. 
Prisms in. the stomata- 
beaxing epicarp, which 
is, however, often 
thrown off. 


Foeniculnm. Rosettes 2— 5^1 in the 
aleurone grains. 


Other Characteristics . 

Present. — ^I^arge schizo-lysi- 
genous oil glands ; pohen 
grains triangular in outline, 
i5“20jLi ; fibrous layer from 
the anther walls ; epidermis 
with thick cuticle and large 
stomata ; pericyclic fibres up 
to 650^^4 ; small spiral and 
aimular vessels. 

A bsent. — Pitted sclerenchy- 
matous cells above jOfx in 
diameter, prisms of oxalate, 
and vessels with reticulate 
thickening (except in such 
amounts as are allow'ed by the 
official limit for stalks) ; 
starch ; cork. 

Present. — ^Rndosperm con- 
taining fixed oil and aleurone ; 
sinuous rows of fusiform 
sclerenchymatous cells ; frag- 
ments of light yellow' vittae ; 
large thin-waUed hexagonal 
sclerenchymatous cells and 
groups of thin-walled cells 
showing a parquetry arrange- 
ment. 

A bsent. — Starch, trichomes, 
reticulate lignified parenchy- 
ma, large vessels, cork. 

Present. — Endosperm con- 
taining fixed oil and aleurone ; 
hgnified reticulate parenchy- 
ma of mesocarp ; brown vittse 
up to 200^ in width ; endo- 
carp of elongated thin-walled 
parquetry cells arranged in 
parallel groups of 5 to 7 and 
often adhering to the cells of 
the mesocarp and testa ; 
epidermis with smooth cuticle 
and occasional stomata. 

Absent. — Starch, trichomes, 
fusiform sclerenchyma, large 
vessels, cork. 
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Drug. Calcium Oxalate. Other Characteristics. 

Scilla. ZS'iimerous bundles of Preseyit . — Small lignified 

acicular rapliides 50- spiral and annular vessels ; 
goo/x long and 5“S/x, mucilage surrounding the oxa- 
wdde. late crystals stains vdtli 

corallin soda. Occasional 
fragments of cuticularised 
epidermis with few stomata ; 
very few small starch grains ; 
reducing sugar, 

A hsent . — Fixed oil, aleurone 
and fragments of reddish 
scales (red squill). 

Space for sketches or notes on other drugs, such as orange-peel and 
lemon-peel : — 
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TABIvB 3 

Present : Epidermal Trichomes 
Al)Sent : Starch and Calcium Oxalate 

Drug, Epidermal Trichomes. Other Characteristics . 

Nux Vomica. Trichomes of cloth- Present. — Bndosperm cells 

ing t3rpe, closely ar- with thick walls, composed of 
ranged and lignified. mannans and galactans, con- 
XJpper portion cylin- taining an oily plasma and a 
drical, about I oo/i long, few aleurone grains about 
many lignified ribs 10—30^ ; well-marked proto- 
readily splitting into plasmic strands (plasmodes- 
rod-like fragments, ma) passing from cell to cell. 
Base thick- walled with Presence of brucine shown by 
sHt-like pits and small means of nitric acid, and of 
branched cavities ; strychnine with ammonium 
wavy polygonal out- vanadate and sulphuric acid, 
line in surface view. Absent. — Starch, calcium, 

oxalate, vessels, fibres. 

Digitalis Trichomes of cloth- Present. — Upper epideimis 

Fohum. and glandular with sHghtly wavy anticlinal 

types : — walls and few stomata ; lower 

1. Simple, bluntly epidermis with wavy anti- 

pointed uniseriate hairs clinal walls, and numerous 
of 2 to 7 cells. Walls Banunculaceous stomata ; 
finely warty and in marginal teeth with water 
some of the cells col- pores ; small spiral, annular, 
lapsed. and reticulate vessels ; pali- 

2. Glandular hairs sade and spongy parenchyma 
with unicellular or, with chloroplasts. 

more rarely, uniseriate Absent. — Starch, oxalate, 

pedicel bearing a uni- fibres, 
cellular or bicellular 
gland. 

Catechu.* Simple, unicellular Present. — ^Abundant inter- 

trichomes up to about lacing acicular crystals of 
350/X in length. The catechin. These may be dis- 
wall is smooth, moder- solved by means of alcohol 
ately thick and ligni- and the vegetable debris 
fied. These trichomes which remains examined. It 
are particularly numer- includes Hgnified pericychc 
ous on the stipules. fibres, wood fibres, and spiral, 
annular, and pitted vessels 
from the stems. Ueaf frag- 
ments, some bearing tri- 
chomes. 

* The following notes are based on the examination of samples of J chore 
and Dutch cube catechus and of the leaves and twigs of Uncaria gambier- 
sent to us by the courtesy of Mr. T. Roebuck, Ph.C., of Singapore. 



102 


PHARMACOGNOSY 


Drug. 

Catechu — conid. 


Epidermal Trichomes. Other Characteristics. 

A hsent . — Starch is strictly 
limited by the B.P. descrip- 
tion to “ not more than an 
occasional starch grain.” ^ 


t In the Dutch East Indies cube gambier is made (a) for export to Europe, 
ibf for use in the East. In the latter case a certain proportion of roasted or 
fresh rice husks is regularly added. This helps the cubes, whilst soft, to keep 
their form and makes them more porous. We have personally observed rice 
husks and starch in some samples of catechu sold in this country. 

Space for sketches or notes on other drugs, such as saffron : — 
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TABI^n 4 

Present : Starch 

Absent : Calcium Oxalate and Epidermal Trichomes 

Drug. Starch. Other Characteristics. 

Tragacantha. Starch grains up to Present. — ^Earge parenchy- 

50 or more in a cell ; matous cells of pith and 
some simple, rormded, medullary rays ; walls swel- 
or ellipsoidal, and ling on addition of water and 
about 3 to 25/4 ; others showing concentric mncilagi- 
2—4 compound. The nous lamellae ; lumen often 
amount of starch varies containing numerous starch 
considerably in differ- grains. Iodine followed by sul- 
ent samples. phuric acid turns the primary 

walls blue. The mucilage does 
not stain with rutheniiun red. 

A bsent. — Calcium oxalate, 
epidermal trichomes.* 

Myxistica. Starch grains simple Present. — ^Bndosperm cells 

or of 2 to 20 com- containing starch ; aleurone 
ponents. Individual grains, one larger than the rest 
grains 2—20^, mostly having a well-marked crystal- 
about lo/i. loid ; and abundant fat. 

Ivarge reddish-brown cells of 
ruminate perisperm associated 
with large volatile oil cells and 
a small strand of vascular 
tissue ; scattered brown pig- 
ment cells. Some of the outer 
perisperm cells contain small 
prisms of undetermined nature 
(not calcium oxalate). 

Absent. — Calcium oxalate, 
epidermal trichomes and 
sclerenchyma. 

Zingiber. Abundant, almost Present. — ^Non-lignified 

entirely simple, sack- spiral or reticulate vessels 
shaped grains ; up to accompanied by elongated 
50^ long, 30/X wide, and brown pigment cells and 
thick. Hilum in slightly Hgnified septate fibres; 
the small terminal abundant starch-containing 
beak. Striations faint parenchyma ; suberised secre- 
and almost at right tion cells containing yellowish 
angles to the long axis, oleo-resin. 

A bsent.-— Calcium, oxalate, 
epidermal trichomes, cork,t 
hgnified vessels, and sclereids. 

* Small quantities of epidermal trichomes, cork, and lignified elements 

from the stem may be found, particularly in the lower grades of tragacanth. 
t Unscraped varieties of ginger have thin-walled cork cells. 
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Space for sketches or notes on other drugs, such as aconite, opium, 
and valerian ; — 
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Present 


Drug. 

Strophantlnzs 


Lobelia. 


Sennae 

Folium. 


TABIvB 5 

Epidermal Tricbomes and Caleium Oxalate 
Absent : Starch 


Epidermal Trichomes 

ayid Calcittm Oxalate. Other Characteristics. 


Trichomes . — b u n- 
dant simple, slightly 
ligtiified hairs up to 
about Soofx in length. 
Anticlinal walls of the 
base showing a lens- 
like lignification, whilst 
the much narrower 
upper portion has a 
longitudinal Hgnified 
rib. 

Oxalate . — O ccasional 
cluster crystals and 
prisms in the testa. 

T ri ch omes. — Simple, 
unicellular, or some- 
times hiceUular conical 
hairs, up to 1,200/x in 
length, on leaves and 
stems ; base attached 
to the surrounding epi- 
dermal cells by strands 
of cuticle. 

Oxalate . — Sandy and 
small single crystals in 
the mesophyll of the 
leaf. 


Trichomes . — On both 
surfaces, unicellular, 
up to 260//, long, often 
curved near the base ; 
thick-walled and warty, 
non-lignified. 

Oxalate . — Abundant 
cluster cryistals in the 


Present. — Cells of the endo- 
sperm and cotyledons con- 
taining abimdant fixed oil 
and yfe-strophanthin, the latter 
giving a green colour with 80 
per cent, sulphuric acid ; 
polygonal celts of testa, many 
sl^owing circular scars of 
broken hairs ; anticlinal walls 
hgnified. A small amoimt of 
starch may be present. 

A bsent. — Glandular hairs, 
sclereids, and protein. 

Present. — Stem epidermis 
with striated cuticle and 
beaded anticlinal walls ; anas- 
tomosing latex vessels ; peri- 
cycHc fibres ; wood fibres ; 
spiral and scalariform vessels ; 
Hgnified and pitted paren- 
chyma. 

Tipper epidermal cells of 
leaves papillose and have 
beaded anticlinal walls ; glo- 
bules of oil in mesophyll ; 
marginal teeth with numerous 
water pores. 

Pollen grains nearly spheri- 
cal with 3 pores and 17-25^ 
in diameter. 

Seeds up to 700 p, long ; 
epidermal cells of testa poly- 
gonal with Hgnified anticlinal 
walls. 

Absent. — Glandnlar hairs. 

Present . — ^Tipper and lower 
epidermis with numerous 
hairs, Rubiaceous stomata 
and thick cuticle ; epidermal 
cells with straight anticHnal 
walls, many contain mucilage. 
PaHsade parenchyma on both 
surfaces, spongy parench3rma, 



106 


PHARMACOGNOSY 


Drug. 

Sennae 
Polimn — 

conid. 


Stramoniimi. 


Hyc^cyamtis. 


Epidermal Trichomes 

and Calcium Oxalate. Other Characteristics. 


mesophyll and rows of 
cells each containing a 
single prism about lo- 
co^ surrounding the 
peric3"clic fibres of the 
midrib and larger 
Yeins. 


collenchyma, pericyclic fibres, 
small spiral and annular 
vessels. 

Absent . — Glandular hairs, 
sclereids. 


T richomes . — C o v er- 
ing hairs relatively few, 
nniseriate, conical, 3—5- 
celled ; basal cell the 
largest and usually 
more than 50ju,long and 
35/x in diameter at the 
base ; wall rather thin, 
warty, and cuticular- 
ised. The hairs of the 
stem are similar, hut 
larger, often attaining 
a length of 8ooju. 

Glandular hairs few ; 
pedicel i or 2 -celled, 
ovoid head 2-8-celled. 

Oxalate . — C luster 
crystals about io-35/i 
very abimdant except 
near the veins. Occa- 
sional prisms or twin 
prisms and sandy 
crystals near the veins. 


Present . — ^Hpidermal cells 
with straight anticlinal walls 
on the upper surface and wavy 
ones on the lower ; smooth 
cuticle ; Cruciferous stomata 
rare on the npper but numer- 
ous on the lower surface. 
Palisade and spongy paren- 
chyma (with oxalate) and 
collenchyma. Spiral and 
aimular vessels from veins ; 
pitted vessels, wood fibres, 
and wood parenchyma from 
stems. Occasional pollen 
grains. 

A hsent . — ^hignified hairs and 
testa of seeds ; striated 
cuticle. 


. Trichomes. — Cover- Present. — ^Wavy-walled epi- 

ing hairs few, uniseri- dermal cells with non-striated 
ate, I— 10 (usually 2-4) cuticle ; Cruciferous stomata 
celled, up to 300/i, in on both surfaces ; veins with 
length. small vessels, but no peri- 

Glandular hairs cydic fibres ; stems with 

numerous, up to 300/t larger vessels and Hgnified 
long ; I— 4-celled, fibres, the latter up to 1,000^ 

smooth ^ pedicel and and sometimes forked. Pol- 
oval, slightly warty, len grains about 40/^ in dia- 
2-S-celled gland. meter, nearly smooth, with 3 

^ Oxalate . — Abundant radiating furrows, 
single or twin prisms Absent . — ^hignified hairs ; 

and some rosette aggre- striated cuticle, 
gates 10-25/4 in dia- 
meter ,* a few micro- 
sphenoidal crystals. 
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Epidermal TricJiomes 

Drug. and Calcium Oxalate. Other Characteristics. 

Belladomifie Trichomas. — Cover- Present . — ^Kpiderraal cells 
Folium. hairs few, uniseri- mostly witli wavy walls and 

ate, 2 - 6 - celled, with striated cuticle ; those over 
thin, smooth walls. the veins are rectangular ; 

Glandular hairs few. Cruciferous stomata on both 
some resembling the surfaces ; veins with small 
clothing hairs hut ter- spiral and pitted vessels, hut 
minating in a unicellu- no pericyclic fibres ; stem 
lar gland, others having possesses slightly Hgnified peri- 
a unicellular pedicel cyclic fibres, wood fibres, and 
and an oval, warty, large vessels. Pollen grains 
multicellular gland. ellipsoidal, with 3 furrows ; 

Oxalate. — ^Numerous seed epidermis with convo- 
idioblasts in the meso- lute, thickened walls, 
phy 11 containing rnicro- Absent .- — Signified hairs, 

sphenoidal crystals ; 
occasional small 
prisms. 

Space for sketches or notes on other drugs, such as cannabis, 
hamamelis, and anthemis : — 
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TABIvB 6 

Present : Calcium Oxalate and Starch. 

Absent : Epidermal Trichomes 

Notes . — 111 tlie following table the drugs are arranged in a morpho- 
logical order, namel3^ : seed, wood, subterranean organs, and barks. 
Ha\dng established the presence of calcium oxalate and starch and the 
absence of epidermal trichomes, the powder should be examined for 
lignified elements, oil, and cork. 

(«} On treatment with phloroglncinol and hydrochloric acid the 
detection of mnlignified vessels indicates rhubarb ; lignified vessels, 
quassia, liquorice, gentian, or jalap ; sclereids, only cardamoms ; 
sclereids and bast fibres, cinnamon or cascara. 

{b) Oil is present in cardamoms, cinnamon, and gentian. 

{c) Cork is absent from cardamoms, rhubarb, and cinnamon ; 
present or absent in liquorice and quassia ; and present in the remaining 
dmgs in the table. 


Drug. 

Cardamo- 

mum. 


Quassia. 


Calcium Oxalate and 
Starch. 

Oxalate . — One to 

seven prisms lo—z^fx 
embedded in the starch 
of the perisperm cells. 

Starch . — Starch ag- 
gregates filling the peri- 
sperm cells, but absent 
from endosperm ; com- 
ponents i-4ju. 


Oxalate . — Occasional 
single prisms about 6- 
30ft in files in the wood 
parencli3aiia. 

Starch . — Grains few ; 
mostly simple and 
spherical, 5— 15/i, occa- 
sionally 2-compoimd. 


Other Characteristics. 

Present . — Abundant peri- 
sperm containing starch and 
oxalate ; endosperm con- 
taining very small aleurone 
grains. Seed coats include 
elongated epidermal cells 
about 350yu X 35/u, a layer of 
large oil cells and a sclerenchy- 
matous layer of beaker-shaped 
cells about wide and 40^ 
deep. The latter are poly- 
gonal in surface view and each 
has a small lumen containing 
a nodnle of silica. A few 
small spiral vessels. 

A bsent . — Fibres and large 
vessels. Cardamom pericarps 
contain pitted, slightly ligni- 
fied sclerenehymatous fibres. 

Present . — AIL elements ligni- 
fied. Vessels up to 200 ^jl in 
diameter with very minute 
bordered pits ; wood fibres 
surrounding vessels have 
moderately thick walls and 
oblique sHt-like pits ; inter- 
rupted tangentii bands of 
wood parenchyma ; medullary 
rays mostly 2-5 cells wide and 
10-25 cells high. 

Absent . — Sclereids and oil- 
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Drug. 

Bheum. 


Glycyrrliiza. 


Jalapa. 


Ipecacuanka. 


Calcitim Oxalate and 
Starch. 

Oxalate . — ^Numerous 
cluster crystals, 20— 
200/X, in the parenchy- 
ma. 

Starch . — Abundant, 
simple and 2—5 com- 
ponnd, 4— 25 ju, ; hilum 
usually a radiate split. 


Oxalate . — crystal 
sheath of cells, each 
containing a mono- 
clinic prism 10— 30/i, 
long, surrounding the 
groups of bast fibres 
and wood fibres ; a few 
scattered prisms in the 
parench3mia of the 
bark. 

Starch . — Abundant, 
simple, oval, or 
rounded grains 2— 20/x, 
mostly about lOfx ; 
few compound grains. 

Oxalate . — ^Numerous 
clusters 10— 35/u.. 

Starch. — Often 
partly gelatinised ; 
single grains ellipsoidal 
or ovoid, with stria- 
tions and slightly ex- 
centric hilum, length 
5—6 5 /X. Compound 
grains with 2—6 com- 
ponents, often with one 
component up to 8o/x 
and the remaining 
components much 
smaller. 

Oxalate . — Bundles of 
acicular raphides, 30— 
80 fx, long, in idioblasts 
throughout the paren- 
chyma. 


Other Characteristics, 

Present. — Y essels, non-ligni- 
fied, reticulate, up to looyx in 
diameter, spiral and annular ; 
thin- walled parenchyma con- 
taining starch or oxalate ; 
medullary ray cells contain 
amorphous yellowish masses 
which are sparingly soluble in 
alcohol, but soluble in water ; 
they give a deep red colour 
with caustic alkali. 

A bsent. — Sclereids, fibres, 
cork, and all lignified ele- 
ments. 

Present . — Signified fibres 
about 15/X wide in groups of 
10 to 50 in the phloem and the 
wood ; vessels up to 200 jjl 
wide, with oval bordered pits 
having sht-like openings ; col- 
lenchyma ; sieve tissue ; 
brownish tabular cork cells 
(in unpeeled drug). 

Absent. — Sclereids, cork (in 
peeled drug). 


Present . — ^Abundant paren- 
chyma containing starch and 
oxalate ; vessels up to loo/x 
with bordered pits ; brown- 
ish, thin-walled cork cells ; 
numerous yellow secretion 
cells with granular contents 
which stain with tincture of 
alkanna ; fibrous tracheids 
and a very few yellowish stone 
cells. 

A bsent. — Fibres. 


Present . — ^Wood parenchy- 
ma and substitute fibres con- 
taining starch ; fibres, 
tracheids and small tracheidal 
vessels (10-20^ wide) without 
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Drug. 

Ipecacuanlia 

— contd. 


Gentiana. 


Cinnamonnim. 


Oascara 

Sagxada. 


Calcium Oxalate and 
Starch. 


Other Characteristics. 


Starch. — A few single 
grains 4—10/4 ; numer- 
ous compound ^ains 
up to 24/4 consisting of 
2-7 components. 
(N.B. — ^Those of Carta- 
gena drug up to 35/x.) 

Oxalate. — few 
needles 3-S/4 long in 
some of th.e cells of the 
parenchyma. Polarised, 
light wiU be found use- 
ful for their detection. 

Starch. — A. very few 
small grains ; to detect 
them warm gently with 
chloral iodine. 


starch. All the above are 
hgnified. Abundant thin- 
wahed, starch- containing par- 
enchyma ; tabular cork cells 
with brown contents. 

Absent. — Charge vessels, 

sclerenchymatous cells and 
phloem fibres. 

Present. — ^Abundant brown, 
thin-walled parenchyma con- 
taining oil globules ; large 
reticulate or scalariform ves- 
sels ; yellowish-brown, thin- 
walled cork often attached to 
the coUenchymatous phello- 
derm. 

A hsent. — Sclerenchymatous 
cells and fibres. 


Oxalate. — c i c u 1 a r 
crystals, 5-8/x in some 
of the medullary ray 
cells. 

Starch. — Abundant, 
simple, 3-1 0/4, and 2-4 
compound grains. 


Oxalate . — Monoclinic 
prisms and clusters, 
Tisually 6—10/4 but occa- 
sionally up to 45/4. 
The prisms in a crystal- 
sheath surrounding the 
groups of stone cells 
and phloem fibres ; the 
clusters scattered 
throughout the paren- 
chyma. 

Starch . — TJ s u a 1 1 y 


Present. — ^Kumerous, almost 
colourless sclerenchymatous 
cells, pericyclic fibres, and 
bast fibres ; sclerenchymatous 
cells up to 1 5 0/4, nearly iso- 
diametric, often unequally 
thickened in a horse-shoe 
manner and may contain 
starch ; phloem fibres with 
thick bnt only slightly ligni- 
fied walls 300— 800/4 long and 
not more than 30/4 in dia- 
meter ; elongated secretion 
cells containing volatile oil or 
mucilage ; medullary ray cells 
with oxalate ; traces of cork. 

A hsent . — ^Vessels, all but 
traces of cork, tabular crystals 
of oxalate. 

Present . — ellowish scleren- 
ch3anatous cells, with 
branched pits and thick, 
striated walls, in ovoid groups. 
Yellowish bast fibres up to 30 
in a bundle ; individual fibres 
8-15/4 in diameter. Frag- 
ments of moss leaves, col- 
lenchyma, and thin-walled 
cork cells with brownish con- 
tents. The medullary rays 
contain a yellow substance 
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Drug, 

Caseara 

Sagrada — 
contd, 

Cincliona. 


Calcium Oxalate and 

Starch. Other Characteristics . 

only a few rounded, whicli is coloured violet by 
grains, up to 8/i, in the caustic alkali, 
chlorophyll-containing Absent. — ^Vessels ; needles 

cells. and sandy crystals of oxalate. 

Oxalate. — i c r o - Present. — Pale yellowish 

crystals in parencliy- pldoeni fibres singly or in 
matons idioblasts. radial rows ; individual fibres 

Starch. — Simple or up to 1,470^ long and 20-105^^6 
2—5 compound grains, wide ; spindle-shaped with 
spheroidal or piano- thick pitted and striated walls 
convex, 3~-i5/>6 in dia- and irregular lumen. Thin- 
meter. walled cork, lichen fragments, 

latex ducts, idioblasts, and 
parenchyma containing amor- 
phous reddish-brown masses 
or starch ; sclereids (in root 
bark only). An acid extract 
shows a blue fluoresence. 

A been t. — V essels ; sclereids 
(except root bark) . 


Space for sketches or notes on other drugs, such as podophyllum, 
Indian podophyllum, calumba, prunus serotina, guiUaia, krameria, and 


ipomcea : — 



CHAPTEE X 

TISSUES, CELL WALLS AND CELL CONTENTS 

Ik Chapter IX will be found an account of the microscopical 
examination of starches, epidermal structures, and calcium 
oxalate, which although often of great diagnostic importance do 
not usually require an^^ elaborate treatment prior to examina- 
tion. The following notes are intended for the more advanced 
student who is assumed to have studied this earlier work. 

In Schools of Pharmacy and in examinations the time 
available for the microscopical examination of a drug seldom 
exceeds three or four hours, and the time factor is therefore 
an important one. Before the commencement of a practical 
period the student should prepare himself as far as possible 
by studying the drug to be examined in his textbook, or from 
any schedules of instructions which may be available. Arrange- 
ments must be made to ensure that a portion of the drug will 
be suitably prepared for section cutting. Dried drugs may be 
softened by exposing them to a moist atmosphere or by soaking 
or boihng them in vrater. Having cut and made a prehminary 
examination of one or two sections and possibly also of the 
powder, the student should plan Ms further work so as to make 
as complete an examination as possible, but at the same time 
leave sufficient time for making sketches. He must decide 
whether to use methods involving disintegration or bleacMng, 
whether defatting is necessary and whether any slow-acting 
stains, e.g. tincture of alkanna, will be required. These 
operations should be started as soon as possible. He must 
also decide whether to cut any sections in the dry state for the 
examination of mucilage or water-soluble cell contents. 
Clearing agents will probably be required and he must decide 
which are most suitable for the drug under examination. 

The following aims should be constantly kept in mind : — • 
{a) The determination of the size, shape, and relative 
positions of the different cells and tissues. 

{h) The determination of the chemical nature of the cell 
walls. 

(c) The determination of the form and chemical nature of 
the c^ contents. 
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Tlie report should state what characters appear to be of 
the greatest diagnostic importance, and these should be 
illustrated by suitable sketches. Students frequently make 
more preparations than they have time to examine and sketch 
large areas of their sections in detail, instead of making a 
number of diagrammatic sketches, which take little time, and 
detailed sketches of suitably selected areas or cells of diagnostic 
importance. 

A. TISSUES 

1, Distribution of Tissues 

A general idea of the distribution of the tissues can be 
obtained from transverse and longitudinal sections. It is 
usuall^^ advisable to clear them by means of chloral hydrate 
or other clearing agent (see below) or stain them as follows : — 

Phloroglucinol and Hydrochloric Acid. — ^Mount the section 
in the official Solution of Phloroglucinol and allow to stand 
for about 2 minutes ; remove any alcohol which has not 
evaporated with a piece of filter paper ; add concentrated 
h3ffirochloric acid, cover, and examine. All lignified walls 
(see p. 1 1 7) stain pink or red. 

Hydrochloric acid is a powerful clearing agent, and it must 
be remembered that it will dissolve many cell contents including 
calcium oxalate. The vegetable debris of catechu contains 
phloroglucinol, and in this case the wood stains on the simple 
application of hydrochloric acid. 

Chlor-zinc-iodide Solution. — ^The reagent, often somewhat 
slowly, stains, cellulose walls (see p. 117) blue or violet, lignified 
or subeiised walls yellow or brown, and starch grains blue. 

2. Clearing, Defatting and Bleaching 

Structures are frequently obscured by the abundance of 
cell-contents, the presence of colouring matters, and the 
shrinkage or collapse of the cell walls. Reagents are therefore 
used for the removal of cell-contents, for bleaching, and for 
restoring as far as possible the original shape of the cell wall. 
If the microscopical examination is to be made from the 
section mounted in the clearing agent the refractive index of the 
latter is important. It may be advisable to wash the section 
and mount in a different medium. The commonly-used 
mountants glycerin, alcohol, carbolic acid, lactophenol, clove 
oil, and Canada balsam all have some clearing effect. The 
8 
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following clearing and bleaching agents are particularly 

useful ; — 

Solution of Chloral Hydrate . — This dissolves starch, pro- 
teins, cHorophyll, resins, and volatile oils, and causes shrunken 
cells to expand. Chloral hydrate may be used, not only for 
sections, but for -v^-hole leaves, flowers, pollen grains, etc. It 
does not dissolve calcium oxalate, and is therefore a good 
reagent to use when these crystals require detection. 

Solution of Potash. — Solutions of potassium hydroxide, 
both aqueous and alcoholic, up to a strength of 50 per cent, are 
used for different purposes, but for use as a clearing agent a 
5 per cent, aqueous solution is most generally useful. A 
0’3 per cent, solution of potash may be used for dissolving 
aleurone grains. A 5 per cent, solution is much more powerful, 
rapidly dissolving starch, protein, etc., and causing the swelling 
of cell walls. Potash should be washed out as soon as clearing 
is completed since more prolonged action is liable to cause 
disintegration (see below) . 

Ether-Alcohol. — mixture of equal parts of ether and 
alcohol is useful for the removal of fixed oils, fats, resins, 
volatile oils, tannins, or chlorophyll. Defatting is particularly 
necessary in the case of oily seeds such as hnseed and strophan- 
thus. The sections may be conveniently treated in a weighing 
bottle. 

Solution of Chlorinated Soda. — ^The official solution is useful 
for bleaching dark-coloured sections such as those of many 
barks and for removing chlorophyll from leaves. When 
bleaching is complete the sections should not be left in the 
reagent but should be removed and washed with water. 
Prolonged contact with solution of chlorinated soda causes the 
removal of starch and hgnin which may not be desirable. 

3. Bisdnfegration and Isolation of Tissues 

The use of reagents for purposes of disintegration is based 
on their action on the cell wall, particularly the middle lamella. 
Woody tissues are usually disintegrated by means of oxidising 
agents since these oxidise away the middle lamella, which is 
composed mainly of lignin. Thus dilute nitric acid has a 
marked disintegrating effect on wood whereas dilute sulphuric 
acid has not. The middle lamella of cellulose cells is composed 
of peciic substances which are made soluble by dilute acids 
or dilute alkalis, which thus effect disintegration. Pure 
celluloses are, however, resistant to hydrolysing and oxidising 
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agents, and the stability of cellulose in boiling 5 per cent, 
potash is made use of for the separation of cotton from wool 
(see below). CeUnlose-a, the chief constitnent of cotton wool, 
suffers an average loss of only 5*86 per cent, on heating at 
10 atmospheres for i hour with 4 per cent, sodium hydroxide 
solution.* Cellulose-^, cellulose-y, and other materials such 
as mannans, galactans, pectin, hemicelluloses, gums, lichenin, 
and chitin, which may occur in the cell wall, are much more 
readity attacked by hydrolysing agents. It will thus be seen 
that the composition of the crude fibres,^' i.e. those tissues 
which remain after the material has been subjected to the 
action of hydrolysing agents under controlled conditions, is 
likely to vary both in amount and chemical nature in different 
drugs. Quantitative comparisons of the crude fibres of 
difierent samples of the same drug are, however, useful. 

Potassium Chlorate and Mtric Acid. — ^The strength of the 
reagent and the time it is allowed to act must be varied 
according to the nature of the material. For woods, e.g. 
quassia, the material, in small pieces or thick sections, is 
immersed in 50 per cent, nitric acid. Small quantities of 
potassium chlorate are added at intervals to maintain an 
evolution of gas. From time to time a fragment of the 
wood should be removed and teased with needles. When it 
breaks up readily it should be washed free from acid and 
examined. The process shotild not be continued longer than 
is necessary since prolonged bleaching causes more or less 
complete destruction of the lignin. 

It may be noted that Cellulose Wadding B.P,C, is made 
from wood pulp, usually pine, which is digested under pressure 
with sodium sulphite until the wood is completely disintegrated 
and delignified. The washed residue gives no pink or red 
colour with phloroglucinol and hydrochloric acid. 

Chromic Acid and Mtiic or Sulphuric Acid. — ^The reagent 
usually consists of a mixture of equal parts of 10 per cent, 
chromic acid and 10 per cent, nitric or sulphuric acid. It 
is frequently used for the disintegration of sclerenchymatous 
tissues such as the testas of capsicum and colocynth seeds or 
for the separation of lignified hairs such as those of nux vomica 
and strophanthus. 

Solution of Potash or Soda. — ^As mentioned above, alkalis 
are used both for clearing and disintegrating. The material 

* See M. M. Meh.ta, Biochemical and Histological Studies on Ligaifi cation, 
/., 1925^ Ik PP- 95S-997. 
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is usually digested with 5 per cent, potash on a water bath 
until the more resistant cells can be teased out of the more 
or less completed' disintegrated parenchyma. The method 
is useful for the separation of the heavily cuticularised epidermis 
of leaves and for the isolation of secretory tissue such as the 
vittse of Umbelliferous fruits and the latex vessels of lobelia. 
Suberised and cutinised tissues are very resistant to potash. 
Potash is also useful for the isolation of lignifled elements 
such as are found in the veins of leaves, in senna stalks, and 
in mauA’ barks. 

Separation of Cotton and Wool. — ^The method depends on 
the fact that under certain conditions wool is destroyed by 
treatment with sodium hydroxide whereas cotton is unaffected. 
About 5 G. of material, e.g, domette bandage, is boiled with 
5 per cent, sodium hydroxide solution for about 10 minutes. 
The residue is then washed and examined. The procedure 
for making a quantitative estimation of a mixture of cotton 
and wool is described in the B.P.C. 

Preparation of a Crude Fibre. — ^For qualitative work the 
following procedure may he adopted. Mix about 2 G. of 
the powdered drug with 50 mils of 10 per cent, nitric acid in 
a casserole. Bring to the boil and maintain at the boiling point 
for 30 seconds. Dilute with water and strain through a fine 
filter cloth held over the mouth of a filter funnel. Transfer 
the •washed residue by means of a horn spatula to the casserole 
and bod for a further 30 seconds with 50 mils of a 2-5 per cent, 
solution of sodium hydroxide. Collect and wash the residue 
as before, mount, and examine. It will be found that the 
tissues disintegrate readily and are in a condition -well suited 
to microscopical examination. For details of the quantitative 
estimation of crude fibre a paper by Goldberg * should be 
consulted. 

B. CELL WALLS 

The cell walls of plants, except those of many fungi, are 
largely composed of polysaccharides of high molecular weight. 
Similar substances occur as cell contents. These polysac- 
charides are conveniently grouped as hexosans if they yield 
hexose sugars on hydrolysis, jbentosa^is if they yield pentose 
sugars, and hexosan-pentosans if they yield both hexose and 
pentose sugars. The hexosans are further known as glucosans 
if the sugar unit is glucose {e,g. starch and the true celluloses), 

* Goldberg, V. B. Pharm,, 1930, 375—389. 
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fnictosans if tlie unit is fructose [e.g. inulin), and mannans 
and galactans if tlie sugar units are mannose and galactose 
respectively [e.g. endosperm of nux vomica). Pentosans and 
hexosan-pentosans appear to enter into tlie composition of 
hemicelluloses, gums, mucilages, and pectins. 

Cell walls may become lignified, suberised, cutinised, or 
mucilaginous. When new material is added to the wall it 
frequently happens that certain parts of the wall receive no 
secondary thickening. Inequalities of thickening give rise to 
characteristic pits and sculpturings of the wall which are often 
of great diagnostic importance. The cell wall may break down 
either over a limited area as in the formation of wood vessels, 
and latex vessels, or over its whole area, as in the formation 
of l^-sigenous oleo-resin ducts and cavities, and in the gummosis 
leading to the formation of tragacanth (see Fig. 163). 

Cellulose Walls . — A so-called cellulose wall consists of 
var3dng proportions of a-, jS-, and y-cellulose together with 
substances such as hemicelluloses and pectins. The colour 
reactions of such walls naturally vary with differences in 
chemical composition. 

1. Chlor- zinc-iodide gives a blue colour with true celluloses 
and a yellow with pectic substances. Walls containing these 
in different proportions stain blue, violet, brownish-violet, or 
brown. Similar colours are obtained with iodine followed by 
concentrated acids. 

2. Iodine, when used alone, gives no colour with true 
celluloses but may give a blue if hemicelluloses are present, 
e.g. in the cotyledons of tamarind seeds. 

3. Solution of Ammoniacal Copper Oxide B.P. dissolves 
true celluloses, and on pouring the alkaline liquid into dilute 
sulphuric acid the cellulose is precipitated. Walls containing 
hemicelluloses, etc., are incompletely soluble in this reagent. 

4. PMoroglucinol and Hydrochloric Acid gives no pink or 
red colour with cellulose walls. 

Lignified Walls. — ^Signification is brought about by the 
production of aromatic substances called lignins which are 
introduced into the polysaccharide layers of the cell wall. 
According to Mehta, lignin occurs in wood in a condition partly 
extractable by alcohol, but the major part is in combination 
with cellulose and related polysaccharides as aromatic gluco- 
sides, hignocellulose, which is very widely distributed in 
plants, is hydrolysed by boiling with potash into lignin and 
cellulose. 
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I Caustic Soda and, Bleaching Agents, such as chlorinated 
soda* and sodium snlpliite, on boiling xemove lignins from the 
ceil waU leaving the cellulose. dChe latter usually forms about 
50 to 60 per cent, of the wood. 

2. PMoroglncinol and Hydrochloric Acid stain lignified 
walls pink or red. A similar colour is obtained when pentose 
sugars are warmed, with, this reagent. 

3. ChloY’-zinc-iodide stains lignihed walls yellow. 

Suheiised and Cutinised Walls. — Suherin and cutin con- 
sist of glyceryl and other esters of acids such as suberic acid, 
COOH-ECHoje-^^OOH, although the acids present in the two 
substances are not identical. Suberin thickenings, such as are 
found in cork cells and endodermal cells, usually consist of 
carbohydrate-free suberin lamellae, Cutin forms a secondary 
deposit on or in a cellulose wall, heaves are frequently covered 
with a deposit of cutin which may show characteristic papillae, 
ridges, or striations. The reactions of suberin and cutin are 
almost identical. 

1. Chlor-zincAodide gives a yellow to brown colour. ^ 

2. Sondan-Glycerhi colours both suberin and cutin red, 
especially on warming. The reagent is made by dissolving 
o*ox G-. of Soudan III in 5 mils of alcohol and adding 5 mils 
of glycerin. 

3. Strong Solution stains suberin and cutin yellow. 

On wa rmin g suhexin with a 20 per cent, solution of potash 
yellowish droplets exude, but cutin is more resistant. 

4. Diluied Tincture of Alkanna stains the walls red. 

5. Concentrated Sulphuric Acid does not dissolwe suberin or 
cutin. 

6. Oxidising Agents, — At ordinary temperatures concen- 
trated chromic acid solution has little effect. When heated 
witli potassium chlorate and nitric acid the walls change into 
droplets, which are soluble in organic solvents or in dilute 
potash. 

MuiCilagiiioiis Cell Walls. — Certain cell walls may be 
converted into gums and mucilages. This gummosis may be 
observed in the stems of species of Prunus, Citrus, and 
Astragalus and in the testas of many seeds, e.g. linseed and 
mustard. In the case of the gum-yielding species of A stragalus 
gummosis commences near the centre of the pith and spreads 
outwards through the primary medullary rays (Pig. 163). 
The polysaccharide walls, excepting the primary membranes, 
swell and are converted into gum, the lumen, which frequently 
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contains starcli, becoming -very small. Wlien tbe stem is 
incised whole tissues are pushed out by the pressure set up by 
the swelling of the gum. The commercial gum has a definite 
ceh structure. The reactions of gums and mucilages are des- 
cribed below under cell-contents. 

CMtiiious Walls, — Chitin, C32II54O21N4, forms the major 
part of the cell walls of crustaceans, insects, and many fungi, 
e.g, ergot. It gives no reactions for cellulose or lignin. When 
heated with 50 per cent, potash at 160° to 170° for one hour it 
is converted into cMtosan, C14H26O10N2, ammonia and acids 
such as acetic and oxalic. The mass may be dissolved in 3 per 
cent- acetic acid, and the chitosan reprecipitated by the 
addition of a slight excess of alkali. Chitosan gives a violet 
colour when treated first with a 0*5 per cent, solution of iodine 
in potassium iodide, and then with i per cent, sulphuric acid. 
The test may be applied to shrimp scales, first freed from 
carbonate by means of 5 per cent, hydrochloric acid, to the 
el3^tra of beetles, or to defatted ergot. 

Sieve-Plates.— Sieve-tubes usually have cellulose walls and 
protoplasmic and other cell-contents. At the end of their 
vegetative period the sieve-plates become covered with callus 
which gradually closes the pores and limits the exchange of 
materials. Callus-plates consist of callose and have the 
following properties — 

1. Alkaline Solution of Cor allin, B.P., stains callose red. 

2. Aniline Blue stains callose blue. 

3. Chlor-zinc-iodide stains callose a reddish-brown. 

4. Solution of Ammoniacal Copfer Oxide, B.P., does not 
dissolve callose. 

5. Solution of Potash . — As even a cold i per cent, solution 
of potash dissolves callose this should not be used as a clearing 
agent if it is afterwards desired to test the section for callose. 

C. CELL CONTENTS 

The great diagnostic importance of starch and calcium 
oxalate in drugs has already been considered. Other cell 
contents are characteristic on account of their relative rarity, 
e.g. the cystoliths of calcium carbonate in the Moracese and 
Cannabinacese (see Fig. 41), inulin in the Composite and 
Campanulaceae, and hesperidin and diosmin in the Rutacese 
and other fa m il i es. A similar remark applies to the various 
classes of alkaloids, glycosides, anthraquinone derivatives etc.. 
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whick, altkougk they may be observed under the microscope, 
are usually best identified by chemical tests after they have 
been extracted by means of solvents. 

Certain cell contents help to indicate the type of organ 
under examination, e,g. chlorophyll points to the presence of 
a leaf or herbaceous stem, while abundant aleurone, fat or 
fixed oil usually indicates a seed or fruit. 

Secretions such as latex, mucilage, volatile oil, resin, oleo- 
resin, etc., are of some diagnostic importance, but the type of 
secretory’' tissue is often of more importance in this connection 
than the actual secretion. For example, latex is contained 
in vessels in the poppy and dandelion and in latex cells in 
Euphorbia resini/era ; mucilage occurs in the epidermal cells 
of senna leaves and linseed and in the endosperm of fenugreek 



Fig. 44. — A, transverse section of a schizogenous secretory duct from the 
root of Ferula jceiida. ; B and C, stages in the formation of a lysigenous 
oil cavity in the leaf of Dictamnus cdbus (Rutacese). i, intercellular 
duct ; 2, secretory epithelium. (A after Tschirch, B and C after Ranter.) 

seeds. Volatile oil may be found in glandular hairs [e.g. 
Labiatae), oil cells [e.g. pepper, mace, and cardamoms), schizo- 
genous ducts {e.g. thevittaeof thellmbelliferse), or in lysigenous 
or scMzolysigenous cavities [e.g. Rntaceae). A schizogenous 
duct, it may be mentioned, is one formed by splitting, an inter- 
cellular space arising surrounded by an epithelium of secretory 
cells (Fig. 44, A). A lysigenous cavity, on the other hand, is 
formed by the gradual breaking down or solution of the walls 
of certain cells (Fig. 44, B and C) . What frequently happens 
is that a space is first formed schizogenously and afterwards 
increases in size lysigenously. Resins, oleo-resins, and gum- 
resins also occur in different types of secretory structure, 
intercellular glands (male fern), cells (ginger), schizogenous 
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ducts (crude turpentine and asafetida), or in cavities (copaiba 
and myrrh) - 

Albuminous Substances and Aleurone Grains. — Proteins dis- 
solved in the cell-sap may frequently be precipitated by means 
of alcohol or they may separate from the vacuoles in solid 
form. Such aleurone grains are common in seeds and attain 
their largest size in oily seeds such as linseed. Proteins known 
as albumins and globulins take part in their forniation. 
Albumins are water-soluble, whilst globulins although in- 
soluble in water are soluble in dilute salt solutions. In the 
formation of an aleurone grain the albumin frequently takes 
the form of one or more crystalloids, which differ from other 
crystals in that they may be stained. The grain may^ also 
contain one or more globoids which consist of globulins com- 
bined with the calcium and magnesium salt of inosithexa 
phosphoric acid. An aleurone grain thus consists of ground- 
substance containing a variable number of crystalloids and 
globoids and sometimes calcium oxalate, which is usually in 
the form of minute rosettes. 

On adding Millon^ s reagent to a protein solution a white 
precipitate is produced which becomes red on heating. Iodine 
solution gives a yellowish-brown colour with the ground 
substance and crystalloid of an aleurone grain, but the globoid 
remain uncoloured. An aqueous solution of j)icric acid stains 
the ground substance and crystalloid yellow, but does not 
stain the globoid. A 0-3 per cent, solution of f>ot ash dissolves 
ground substance and crystalloids leaving the globoids. 

To differentiate the different parts of an aleurone grain 
stain with alcoholic solution of eosin, rinse with oil of cloves, 
then with xylene and mount in balsam. The ground substance 
is coloured red, the crystalloids yellow, and the globoids 
remain colourless. 

Alkaloids are usually best identified by ordinary chemical 
methods after extraction from the plant. Microchemical 
tests are, however, useful for obtaining information as to the 
localisation of alkaloids* in the plant (cf. strychnine in nux 
vomica, p. 549 , and colchicine incolchicum, p . 236) . As a general 
reagent solution of iodine in potassium iodide may be used. This 
produces reddish-brown precipitates with most alkaloids. Its 
effect on the alkaloid-containing sections should be compared 
with its action on sections from which the alkaloids have been 
removed by soaking in an alcoholic solution of tartaric acid. 

* See Wagenaar, Pharm. Weehhl.^ I934, 71 , 834. 



122 


PHARMACOGNOSY 


Calcium Carbonate be found embedded in or incmsted 

on tbe cel-walls, e.g. the cystolitbs found in the hairs of 
CannaUs safiva. (Fig. 41, M). It may be identified by the fact 
that it dissolves with effervescence in acetic, hydrochloric, or 
sulphtiric acid. If 50 per cent, sulphuric acid is used, acicular 
crystals of calcium sulphate gradually separate. 

Calcium Oxalate, — The crystalline forms of calcium oxalate 
are described on pp. 82 and 94. The salt differs from calcium 
carbonate in that it is insoluble in 33 per cent, acetic acid and 
soluble, but without effervescence, in hydrochloric or sulphuric 
acid. With sulphuric acid acicular crystals of calcium sulphate 
gradually separate. 

Fats and Fixed Oils. — Fats occur in solid, frequently 
coloured or crystalline, masses which melt on warming. Fixed 
oils occur as small highly refractive drops. Both are soluble 
in ether-alcohol, but, with a few exceptions, such as castor oil, 
are sparingly soluble in alcohol. They are coloured brown or 
black with a i per cent, solution of osmic acid, and red with a 
diluted tincture of alkanna. The latter stains rather slowly 
and should be allowed to act for at least 30 minutes. A cold 
mixture of equal parts of a saturated solution of potash and 
strong sohifion of ammonia slowly saponifies fixed oils and fats. 
After some hours characteristic soap crystals may be observed. 

Grums and Mucilages. — Gums, mucilages, and pectins are 
complex compounds of polysaccharide nature. On hydrolysis 
they usually yield sugars (hexoses and pentoses) and oxidation 
products of sugars knowm as uronic acids (see tragacanth, 
p. 484 , and acacia, p. 491) . Folyuxonic acids have been 
obtained from other gums, from linseed mucilage, from the 
alginic acid of seaweeds (see p. 181), and from orange and 
apple pectins. These polysaccharide complexes are frequently 
combined with metals. 

Gums and mucilages are insoluble in alcohol but dissolve 
or swell in water. They are usually formed from the cell-wall, 
e.g. tragacanth, or deposited on it in successive layers. When 
such cells are mounted in alcohol and irrigated with water the 
stratification may often be seen, e.g, mustard and linseed. 

Specific tests for these substances are at present lacking, 
but the following are useful. The official Solution of Ruthenium 
Red stains the mucilage of senna and buchu leaves, althaea, 
linseed, and mustard. It also stains sterculia gum but has no 
action on tragacanth. The lead acetate medium is used to 
prevent undue swelling or solution of the substance being 
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tested. Some forms of mucilage are stained by the official 
Alkaline Solntio 7 i oj Corallin, e,g. that found in squill. Others 
are stained by chlor-zific-iodide or methyloie-hlue dissolved in 
alcohol and gl3^cerin. 

Iniilm occurs either in solution in the cell-sap or in amorphous 
or sphserocr3’-stalline masses. The latter form occurs in alcohol- 
preserved material. Inulin is sparingly soluble in cold water 
but readily dissolves in water at about 70° without gelatinising. 
It is not stained by iodine. When tissues containing inulin 
are treated first with a ro per cent, alcoholic solution of a- 
napMhol and then with a few drops of concentrated sulphuric 
acid and -warmed, a violet colour is produced. 

Resins may be associated with volatile oil or gum or may 
be found in irregular masses which are insoluble in water but 
soluble in alcohol. They stain slowly with diluted tincture of 
alkanna. -Some resinous secretions become more evident after 
treatment with solution of iodine, e.g. ginger and jalap resins, 
whilst others, e.g. colophony, are coloured green after soaking 
for about a week in an aqueous solution of copper acetate. 

Silica forms the skeletons of diatoms (see agar, p. 183, and 
kieselguhr, p. 148) and occurs as an incrustation on cell- walls 
or as masses in the interior of cells, e.g. in cardamom seeds . 
Silica is insoluble in all acids except hydrofluoric. It may be 
examined by igniting the material and treating the ash with 
h^^drochloric acid, the silica remaining unaltered. 

Starch. — ^The effect of iodine, chloral-iodine, chlor-zinc- 
iodine, acids, alkalies, and heat should be noted. The examina- 
tion should be conducted so as to give information as to the 
relative amount of starch present, its type (simple or compound 
grains), shape, size, hilum, striations, and behaviour in polarised 
light. 

Tannins are best examined after extracting from the drug 
as described in Chapter XXIV. If it is desired to study the 
distribution of the tannins in the plant the sections must be 
cut dry, since tannins are soluble in water and alcohol. If 
sections of galls are so cut and mounted in clove oil plates of 
tannin may be observed. Sections containing tannins acquire 
a bluish-black or greenish colour when mounted in a dilute 
solution of ferric chloride. 

Volatile Oils are sparingly soluble in water but dissolve in 
alcohol (cf- fixed oils). They resemble flxed oils {q.v) in their 
behaviour towards osmic acid and tincture of alkanna, hut 
they are not saponified when treated with ammoniac al-potash. 



CHAPTER XI 

FIBRES, FILTERING MEDIA, AND SURGICAL 
DRESSINGS 

The fibres, filtering media, and surgical dressings in common 
use are easil}^ identified hy microscopical examination and 
chemical tests. The term surgical dressings includes bandages 
(X. Ugamenfum), gauzes (X, carhasns), tows (L. stupa), plasters 
(X- cmplastmm), tissues (X. tela), sheep’s wool [Lana], silk 
[Scricum), absorbent cotton wool {Gossypium Ahsorhens), 
medicated cotton w^ools, and various protect! ves snch as oiled 
silk, oiled cambric, jaconet, and battiste. As medicated 
dressings are usually dealt with in pharmaceutics, only un- 
medicated dressings, fibres, and filtering media are considered 
here. 

Fibres, and Filtering Media 

A few preliminary^ tests will suffice to group the material 
under examination into one or other of the following groups : — 

Group I- Animal fibres, e.g. wool and silk. 

Group II. Vegetable fibres : — 

(a) Cellulosic, e.g. cotton, white filter paper, delignified 

wood pulp, and filax. 

(b) Lignified, e.g. jute (tow), mechanical wood pulp. 

Group III. Inorganic, e.g. diatomite (purified kieselguhr), 

chalks, talc, glass wool, and asbestos. 

Preliminary Tests. — i. Heat the substance in an ignition 
tube. Vegetable and animal fibres char and burn leaving 
little ash, whilst inorganic matter undergoes little visible 
change. The difference in odour usually serves to distinguish 
the animal from the vegetable. 

2. Boil for 5 minutes with a saturated solution of picric 
acid and wash thoroughly. Only animal fibres take a yellow 
stain. 

3. Molisch’s test : To about o-oi G. of the washed fibre 
add I mil of water, two drops of a 15 per cent, alcoholic solution 
of a-naphthol, and i mil of concentrated sulphuric acid. If the 
fibre is vegetable the liquid becomes deep violet on shaking. 

4. Treat the fibre with phloroglucinol and hydrochloric 
acid- Only lignified fibres stain pink. 
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WOOL (LANA) ; ANIMAL WOOL ; SHEEP’S 
WOOL 

Preparation. — Wool is prepared from tlie fleece of the sheep » 
Ovis aries (Order Ungulata) , by cleansing and washing. The 
length and qtialit3^ of the hair varies not only from animal to 
animal but in different parts of the same fleece. In order to 
get more or less uniform grades the wool-sorter spreads each 
fleece on a frame covered with wire-netting and separates it 
into wool of different qualities. At the same time he beats 
much dust and dirt through the netting and picks out burrs 
and pieces of straw. The wool is washed in tanks of warm, 
soft, soapy water, being squeezed between rollers as it passes 
from one tank to the next. 

The approximate composition of raw wool is as follows : 
wool fibre 31 per cent. ; wool sweat or suint,'" consisting 
mainly of the potassium salts of fatty acids, 32 per cent. ; 
earthy" matter removable by washing 26 per cent. ; and 
wool grease.” 

From the washings of the scouring process ‘‘ wool grease 
may be separated by mechanical means or by the use of 
organic solvents. When purified it is known as wool fat or 
anhydrous lanolin. Potassium salts may also be recovered . 
After washing, the wool is dried, the fibres mechanically 
loosened, carded, and spun into yam. The fineness of wool 
yam is the number of hanks each of 560 yards that make a 
weight of I lb. 

Microscopy. — ^The hairs originate in relatively deep pits or 
hair follicles in the skin and the '' wool grease ” is secreted by 
neighbouring sebaceous glands. If fibres of raw wool are 
examined under the microscope they are seen to be covered 
with irregular masses of grease, the structure of the hair itself 
being indistinct. If raw wool is to be mounted for microscopical 
examination it should be defatted by ether or chloroform, as it 
will not otherwise wet with water ; even with scoured wool it 
is advisable to moisten the threads with alcohol before mounting 
in water, dilute glycerin, or solution of picric acid. 

Wool hairs are from 2 to 50 cm. in length and from 5 to looju, 
usually 13 to 40/x, in diameter. As the fleeces are removed 
by shearing, the bases of the hairs are lacking and the tapering 
ends, known as '' lamb ends,"' are only found in wool from the 
first shearing. As we focus down the three regions of the hair, 
known as the cuticle, cortex, and medulla, may be distinguished. 
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Cuticle. — ^This consists of imbricated, flattened, more or 
less translucent epithelial scales. The shape and arrangement 
ot the scales varies in different breeds of sheep, the edges being 
smooth and straight in some and serrated and wav^^ in others. 
The number of scales in ioo/a length is fairly constant, averaging 
about 9*7 to i2-i, in different wools. Such counts may he 
used to distinguish sheep’s wool from angora wool, etc. 

Cortex. — ^The cortex consists of elongated, fusiform cells 
coalesced into a homy mass in which scattered pigment cells 
are sometimes found. Wflien observed through the epithelial 
scales, the cortex appears as delicate longitudinal striations. 

Hairs which have been damaged by 
bacteria so as to lose parts of their 
epithelium show a brush-end” 
effect in which the individual fibres 
may be easily seen. Strong solution 
of ammonia causes the epithelial scales 
to separate in a few minutes and 
facilitates examination of both scales 
and cortical fibres. 

Medulla. — The medulla consists 
of rounded or polyhedral cells con- 
taining fatty matter or pigment, and 
is best seen when its cells contain 
much air or pigment. It frequently 
shows well if a hair has been soaked 
in alcohol and allowed to dry or when 
hydrochloric acid is used as the 
mountant. The medulla varies in 
diameter and is not continuous 
thr oughout the length of the hair. 
Tests : A. Characteristic of Animal Fibres : — 

I . Gives no violet colour with Mohsch’s test. 

Coloured yellow with picric acid or nitric acid. 

Coloured red with boiling Mitlon’s reagent. 

Tapidly soluble in 5 per cent, potash. 

B. Characteristic of Wool : — 

1. Ammoniacal copper oxide solution resembles solution of 
ammonia in that it causes separation of the scales ; it also 
colours the fibres blue. 

2. When lead acetate is added to a solution of wool in 
caustic soda a black precipitate is formed owing to the high 
sulphur-content (distmctiott from silk) . 



Tic. 45. — Fibres of sheeps’ 
wool. (After Hanansek.) 


2 . 

3 - 

4. 
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3. Wool is not appreciably soluble in warm hydrochloric 
acid (distinction from silk), or in cold concentrated sulphuric 
acid (distinction from cotton). 

SILK (SERICUM) 

Preparation. — Silk is the prepared fibre from the cocoons 
of Bonibyx moriy the mulberry silkworm, and other species of 
Bombyx and of Anther cBa (Order Lepidoptera) . Silk is pro- 
duced in China, Japan, India, Asia Minor, Italy, France, and 
many other countries. Whilst the silk of Bombyx mori forms 
the greater part of that used, considerable quantities of the 
so-called wild silks are produced by Anther cBa mylitta (India), 
A. assama {Indis^ , A, pernyi (China), bmA A , ya^md-mai (Japan). 

Before the silkworm passes from the caterpillar to the 
chrysalis or pupal stage it secretes around itself an oval cocoon 
about 2 to 5 cm. long, consisting of a continuous thread up to 
1,200 metres long. This thread consists of two silk or fibroin 
fibres cemented together by a layer of silk glue or sericin. 
Strands of semi-liquid fibroin, produced by two glands in the 
insect, fiow into a common exit-tube in the head, where it 
meets the secretion of silk glue produced by another pair of 
glands. The double fibre with its coating of sericin emerges 
from a spinneret in the head of the worm, coagulates and 
hardens on contact with the air, and is spun into the cocoon 
by figure-of-eight movements of the head. If the chrysalis 
were allowed to mature the silk would be damaged by the 
escaping insect. It is therefore killed by heating at 60° to 80° 
for a few hours or by a short exposure to steam. The cocoons 
are then graded, placed in hot water, and beaten to facilitate 
removal of the outer layer of fibre, which is only of secondary 
value, and to soften the silk glue. 

The double fibre in the cocoon is known as a have and its 
constituent fibres as brins. The reeler takes the loose ends of 
the fibres of from 2 to 15 cocoons and twist and reels them 
into single thread. Most raw silk is reeled from about 5 cocoons 
and therefore has 10 brins, fibres containing less than 6 brins 
being too fine for commercial purposes. Silk is then usually 
scoured by treatment with hot soap solution to remove the 
sericin, the process being known as stripping or degumming. 
For some purposes, however, half-scoured silk is used. 

Microscopy . — Place a piece of oiled silk on a microscope 
slide and examine with a J-in. objective. It will be noted 
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that each thread consists of about lO brins which have separated 
from one another so that counting is easy (see Fig. 46). Next 
examine some fibres of ra^w silk mounted in water ; note that 
the diameter of these is several times that of a single brin, that 
the individual brins ma^’ be seen, although difficult to count, 
and that flakes of silk glue may be seen on the surface. If a 
little of this raw silk is now boiled with soap solution or dilute 
sodium carbonate solution the sericin completely dissolves and 
the constituent brins ma3" be mounted and examined. 

The lack of cellular structure and the breadth of the brins 
are distinguishing characters of mulberry silk. Brins of 



Fig. 46. — Oiled Silk. 

mulberry silk measure 10— 2i/x (mostly about i6ju), whereas 
those of wild silks are about 30~6o/x. The latter often show 
well-marked longitudinal striations. 

Tests : A, Characteristic of A nimal Fibres : — Silk resembles 
wool in its behaviour with Molisch’s test, picric acid, rdtric 
acid, and Millon's reagent. It is more resistant to potash, 
but does dissolve on heating. 

B. Characteristic of Silk : — 

I . Silk is soluble in ammoniacal copper oxide solution. An 
alkaline solution of copper sulphate and glycerol of a certain 
strength is used for the separation of silk from wool and cotton.* 
* For details, see Matthew's Textile Fibres, p. 308. 
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2. Silk contains little or no stilplmr and therefore gives no 
black precipitate when a solution in potash is treated with lead 
acetate (distinction from wool) . 

3. Silk dissolves in a moment or two in concentrated hydro- 
chloric acid (distinction from wool) . 


COTTON (GOSSYPIUM); RAW COTTON 

Source. — Cotton consists of the epidermal trichomes of the 
seeds of Gossypium herhaceum and other cultivated species of 
Gossypiiini (Fam. Malvacece). The plants are shrubs or small 
trees which produce 3 to 5 -celled capsules containing numerous 
seeds. The TJ.S.A. produces about half the world's cotton, 
other^ important sources being Egypt, India, and South 
America. The chief American cottons are derived from 
G. harhadense (Sea Island cotton) and G. herhaceum (Upland, 
Texas, or New Orleans cotton) . 

The hairs of the different species vary in length or staple/' 
According to the grading of the New York Stock Exchange, 
cottons the average fibre of which is under 25 mm. in length 
are called short staple " ; those between 25 and 30 mm. 

meditim staple " ; and those from 30 to 40 mm. long 
staple.'' The staples of important commercial varieties of 
cotton are as follows : — 

1. Sea Island, up to 54*5 mm. 

2. Eg>’'ptian, 31 to 38 mm. 

3. Brazilian and Peruvian, 29 to 30 mm. 

4. American Upland, about 25*9 mm. 

5. Indian, 21-4 to 29*2 mm. 

Preparation. — ^When ripe, the bolls are collected, dried, and 
subjected to a ginning process to separate the hairs from the 
seed. The gin, which may be of a roUer or pneumatic type, 
is designed to pull the hairs through a narrow space which is 
too smah to allow the seed to pass. In ordinary American 
or Upland cotton the gin leaves the seeds with a coating of 
short hairs which have to be removed by a second type of gin 
known as a linter." These short hairs are used for making 
guncotton and the lower grades of cotton wool [q.v.]. The 
seeds are used for the preparation of cotton seed oil {q.v) and 
cattle cake. Raw cotton contains various impurities, such as 
immature and broken seeds, fragments of leaf, etc., most of 
which are removed during the manufacture of yam. 

9 
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The fineness or count of cotton yarn is the number of hanks, 
each of ‘840 varcls, that make a weight of i lb. For spinning 
verv- fine yarns (up to 300's) Sea Island cotton is used, hut for 
coarser yams (under 80 ’s) it is possible to use shorter staple 
cottons- Different machines are used for these two t3^pes of 



Fig. 4 7. — Gossypium barbadense. A, flower about to open, x § ; 
i, involucre of bracts ; B, flower with. caly:s: and coroFa cut away, showing 
staminal tube enclosing pistil, X | ; C, pistil with, ovary cut length- 
wise, nat. size ; I>, capsule open showing mass of cotton, X | ; E, seed 
with cotton attached. X | ; F, seed cut lengthwise, showing twisted 
embryo, X i|. (From Rendle’s Classification of Flowering Plants.) 
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yojiL, wMch are known as combed and carded respectively. Tlie 
cotton-combing macMne separates all the shorter fibres and a 
thread is spun consisting of long, well-paralleled, uniform 
fibres. The short fibres of comber waste are used for making 
the best grades of cotton wool. The carding machine uses 



Fig. 48. — Cotton. A, mounted in water ; B, mounted in cuoxam. i apex 
of hair; 2, central portions of hairs; 3, swollen cellulOvSe wall; 4, rings 
of cuticle ; 5, inner membrane of hair. (After T. F. Hanausek.) 


fibres which are shorter and less uniform in length, and the 
absence of combing is shown in the yam by the irregular 
arrangement of the fibres, the ends of which often project 
from the surface. Standards for fineness of yarn in B.P.C. 
surgical dressings should be noted. It will be observed that the 
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vams used are relatively coarse and may be unbleached 
(Unbleached Calico Bandage) or bleached (Muslin Bandage). 

Microscopy of UnWeached Cotton. — Cotton consists of uni- 
cellular hairs the appearance of which has been likened to 
that of empty, twisted fire-hoses. Their length is up to about 
5 cm., diameter 9 to 24/i, and the number of twists varies from 
about 150 per inch in the Indian to 300 per inch in the Sea 
Island- Pieces of shell or seed coat, which can often be 
picked from samples of raw cotton, show hair bases fitting 
between the thick- walled epidermal cells. The apex is rounded 
and solid (Fig. 48) . The cotton hair is cylindrical when young, 
but becomes flattened and twisted as it matures, the large 
lumen, which contains the remains of protoplasm, being much 
elongated in transverse section. Students will find it more 
convenient to examine prepared slides of transverse sections 
of this and other fibres rather than cut them themselves. The 
cellulose w^all of the hair is covered with a waxy cuticle which 
renders it non-absorbent. Samples of raw cotton and of 
unbleached cotton yarn should be moistened with alcohol, 
mounted in water, and sketched. The following tests should 
be made. 

Tests. — A. Characteristic of Vegetable Fibres : — 

1. Gives a rdolet colour with Molisch’s test. 

2. Not permanently stained by boiling picric acid. 

3. Not coloured red by boiling Millon's reagent. 

4. Insoluble is 5 per cent, potash. 

B. Characteristic of Cotton : — 

1. Cotton gives no pink or red colour with phloroglucinol 
and hydrochloric acid (distinction from lignified fibres such as 
kapok and jute). 

2. When mounted in ammoniacal solution of copper oxide 
some of the fibres usually show balloon-like swellings similar 
to those in Fig. 48B. All samples of raw cotton do not show 
this to the same extent, but samples of Egyptian usually show 
the phenomenon well. As the swelling is very rapid with the 
undiluted reagent, it may be necessary to dilute it with about 
an equal volume of distilled water. Points to notice are the 
ring-Hke constrictions of cuticle, the swollen, blue cellulose 
wall, and the inner membrane. The latter is fairly resistant 
to the reagent and often remains for a time as a narrow, 
twisted tube showing diagonal and spiral markings. The wall 
gradually dissolves until only a few fragments of cuticle 
remain. 
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3. Moisten with iodine solution and stand until nearly dry. 
Then add a few drops of 66 per cent, sulphuric acid, cover, and 
examine. The cells assume a reddish or bluish violet colour. 
The presence of the cuticle is partly responsible for the colour, 
for if transverse sections are similarly treated the cuticle 
stains yellow and the w^all blue. If the cuticle is removed, as 
in absorbent cotton wool, or caused to rupture by the swelling 
of the vrall wdth stronger sulphuric acid (about 80 per cent.), 
a blue colour is obtained. Strong acid is to be avoided, as it 
causes rapid disintegration of the hairs. 

4. Chlorzinciodine solution gives a reddish or bluish- violet 
colour. 

5. Cotton dissolves in cold, concentrated sulphuric acid 
(distinction from wool). 

ABSORBENT COTTON WOOL (GOSSYPIUM 
ABSORBENS) ; ABSORBENT WOOL. 

Cotton wool is mainly prepared from linters, card strips, 
card £3^ and comber waste. Bales of these short- fibred cotton 
wastes pass, from the yarn manufacturers to the makers of 
cotton wool. For best quality cotton wool the comber waste 
of American and Egyptian cottons is preferred. In this the 
fibres are reasonably long and twisted and thus suitable for 
producing a cotton wool having an average staple of not less 
than f in., which will offer appreciable resistance when pulled. 
The preparation may be divided into two stages, bleaching and 
carding, which have been described as follows * : — 

Bleaching. — “ The material is usiially passed through a short range 
of cotton ' opening ’ machinery, such as the Bale breaker and/or the 
Crighton opener, in order to loosen it sufl&ciently to facilitate the 
subsequent ‘ wet ’ processes. After being ‘ opened,’ the cotton is put 
into a Mer. This is a large iron vessel with suitable apertures for 
loading and unloading. When the kier is loaded (it usually holds 
from i|- to 2 tons), the material is boiled, under pressure, with a weak 
solution of caustic soda and soda ash. The pressure used varies with 
the qualities treated, and may be anything from i to 3 atmospheres. 
The boiling continues for fifteen hours, after which the liquor is allowed 
to drain off. The hot mass of cotton is then subjected to a lengthy 
treatment of clean cold water in order to wash the last traces of soda 
from it. 

“ After thorough washing, the cotton is lifted from the kier and 
placed in a bleaching cistern. The latter may be constructed of iron. 


* Surgical Dressings : The Manufacture of Cotton, by J. Wicliffe Peck, 
I933» Oct. 21, 484. 



134 


F HARM A COGNOS Y 


brick, stone, or slate. In any case, it should be covered on the inside 
with an acid-resisting asphalt. Bleaching is usually done with a weak 
solution of calcium or sodium hypochlorite. The time taken to get a 
good result varies from ten to eighteen hours. When the operation is 
finished, the hqiior is drained off, the material washed with clean water, 
and treated with a very dilute solution of hydrochloric acid for about 
four hours, after which the cotton is again thoroughly washed with cold 
water. It is then dried b^^ passing it through a hot air machine, the 
temperature of which varies from iio° F. to iSo° F., according to its 
size and the amount required to be done in a given time.’' 

Carding. — “ During bleaching, the fibres become matted and must 
be loosened before carding. For this purpose the machines generally 
used are a ‘ Willow, ’ followed immediate^ hj a ‘ Buckley opener ’ ; 



Fig. 49. — A carding machine fitted with a lap drum for cotton wool 
{The Pharmaceutical Journal). 


alternatively a ‘ Bale breaker,’ followed by a ' Crighton opener ' are 
used. The object of both combinations is to obtain a general opening- 
up of the fibres. When this is done, it is usual to pass the opened cotton 
forward to a set of machines called the hopper feeder and scutchers which 
mre designed to open up the cotton stiU further, and eventually turn 
it off in a continuous sheet of a fairly even thickness ; the material is 
rolled by this machine into a lap ready for the carding process. 

“ The hopper feeder is a box or hopper fitted with a vertical spiked 
lattice w^hlch carries the cotton upwards ; at the top, this lattice is met 
by a horizontal spiked lattice working in the opposite direction and set 
at a given distance from the top of the first lattice. The second or 
hori2X)ntal lattice takes back any surplus cotton and so regulates the 
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thickness of material being delivered by the hopper feed to the scutcher. 
From the hopper feed the cotton falls in a fairly regular thickness on 
to a horizontal lattice moving slowly to the feeding end of the scutcher. 
It is then passed between a pair of fluted steel rollers, which present the 
cotton to the action of the scutcher beater. At this point the rollers 
not onh^ hold the cotton firmly whilst a further beating is performed, 
but a further effort is made to prevent inequality in the weight of the 
resultant out-turn. This is done by automatically reducing or 
accelerating the speed of the steel rollers, according to the thickness 
of material passing this point from time to time. 

“ Having formed the scutcher lap, it is now ready for the carding 
machine, which is, in effect, a definite combing operation designed to 
produce the cotton in a long, continuous film and put it into the 
condition which we call ‘ cotton- wool.’ The scutcher lap is taken to the 
feed end of the card and unrolled slowly. After passing through a pair 
of steel fluted rollers, and whilst still held firmly by them, it is brought 
into the path of a saw-tooth roller, which travels at a high speed. This 
roller sphts up the fibres ver}^ minutely, and passes them on to a large 
cylinder, clothed with wire pms, set about 90 to 100 to the square inch. 
Superimposed on tliis cylinder are a number of small rollers, which are 
covered vdth similar Avire to that on the cylinder. The rollers are set 
very close to it, and run in the same direction. It should be explained 
that the wire pins on both the rollers and the cylinder are bent so as to 
be presented to the cotton at an angle. 

“ The rollers, or ‘ workers,’ as they are called, run very much slower 
than the cylinder, and set up a combing action on the fibres which 
happen to be passing between them and the cylinder. As the work 
progresses, any fibres wffich adhere to the wire pins of the ‘ worker ’ 
are taken off by another wire-covered roller, which is set very close to 
it and is knovui as the ‘ clearer.' This latter, in turn, puts the fibres 
which it takes from the ‘ worker ’ hack on to the wire-covered face of 
the cj^linder. This operation is performed in six or seven positions, 
spaced out as equally as possible on the top half of the cylinder. 

To take the fibres off the large cylinder at the delivery end of the 
machine a smaller cylinder rotating in the opposite direction to the 
large cylinder and set very close to it picks off the carded fibres from 
the main cylinder. The small cylinder is known as the ‘ doffer ’ ; a 
steel comb of special construction is fitted to the front of the ' doffer ’ 
working with an oscillating motion, and this combs off the carded fibres 
into a continuous film. These films of carded cotton are allowed to 
build up into thick fleeces by a special arrangement at the delivery 
end of the machine. The fleeces so built up are conveyed to a machine 
which rolls up the cotton into the form in which it is generally seen in 
hospitals and shops and at the same time interleaves it with 
paper.” 

Microscopy of Bleached Cotton. — ^Absorbent cotton wool and 
the fibres from bleached cotton yams differ from raw cotton in 
the following respects : — 

I. The fibres are readily wetted by water. 
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2. Wiien motinted in an ammoniacal solution of copper 

oxide tlie fibres do not show a balloon-like swelling ; 
the wall becomes blue, swells uniformly, and dissolves 
leaving much less debris than in the case of raw cotton. 

3. With iodine and sulphuric acid or with chlorzinciodide 

a better blue colour is obtained. A blue colour 
with iodine alone w^ould indicate the presence of 
hydroxvnellulose (see below) . 

Chemici Nature of Cotton. — ^Anatyses of typical raw cottons 
may be summarised as follows : — 

A verage, 

■per cent. 


1. Dry at 100' for moisture 

2. Ignite for ash. of raw cotton . . 

3. Boil with alkali for fat and wax 5*00 

4. Bleach, for colouring matters . . 0-50 

5. Boil \\*ith sodium sulphite for cuticular substances 0*75 

6. Ignite ; loss gives cellulose . - 86-63 

7. Ash of cellulose . . . . 0-12 


Absorbent cotton is a very pnre form of cellulose and is 
termed a normal cellulose to distinguish it from other types in 
which cellulose is associated with pectic substances [e.g. fiax) 
or lignin {e.g. jute). 

Pyroxylin and Guncotton are nitrated celluloses formed by 
the action of a mixture of nitric and sulphuric acids on cotton. 
Cotton when boiled wdth moderately concentrated nitric acid 
or other oxidising agents is partly converted into hyd^roxy cellu- 
lose, Some samples of white filter-paper contain appreciable 
quantities of hydroxycellulose. When this is present the 
fibres give a blue colour with iodine, reduce Fehling's solution, 
and dye more readily than ordinary cellulose fibres with basic 
dy^es such as methylene blue. 

WOOD PULPS AND FILTER PAPERS 

The chief stages of paper manufacture are the disintegration, 
cleaning, and bleaching of the raw materials ; pulping ; 
moulding ; pressing into sheets and drying. The raw materials 
from which papers are made include wastes, such as cotton and 
other rags, sacking, ropes, and old paper ; stems, such as 
esparto, straw, and bamboo ; pzdps, such as mechanical and 
chemical wood pulps. In addition to these fibrous materials, 
papers may contain colouring matters, sizes such as gelatine 
and colophony resin, and fillings such as china clay. Imitation 
art papers, for example, may contain up to 25 per cent, of china 
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cla^^ Tlie good quality writing papers contain a high propor- 
tion of rags, whereas newspapers commonly contain about 
70 to 80 per cent, of a mixture of mechanical and chemical 
wood pulps. It may be pointed out that oiled paper [Charta 
Oleaia B.P.C.) must not contain more than a certain percentage 
of mechanical wood pulp or mineral matter (filling). Parch- 
ment papers are made by rapidly passing unsized paper through 
sulphuric acid, washing, neutralising, and drying. The chief 
characteristics of filter and blotting papers are their high 
absorbency, low tensile strength, and chemical purity. White 
filter paper and the better qualit3?' blottings are made from 
soft muslin rags. Blottings made from wood pulps are less 
absorbent, but may be used for interleaving diaries, etc. 
Wood pulps are also used as filtering media and as absorbent 
surgical dressings. 

Mechanical Wood Pulp is made from coniferous woods, e.g. 
pine, fir, spruce, and from angiospermous woods, e.g. poplar and 
■willow. The bark is removed from the logs and the wood is 
pressed by hydraulic presses against revolving grindstones over 
which wmter continually^ fiows. Chemical wood pulp (see below) 
is not prepared in this way, as the grinding shortens the fibre 
too much. Bleached mechanical wood pulp, prepared by 
treating mechanical wood pulp with chlorine, is, however, 
obtainable. 

Tor microscopical examination wood pulps should be 
mounted in water and in phloroglucinol and hydrochloric acid. 
Mechanical wood pulp gives a well-marked lignin reaction 
(distinction from chemical pulps). Coniferous wood pulps in 
general exhibit tracheids with bordered pits, whereas angio- 
spermous pulps are characterised by different types of vessels 
and wood fibres. Other characteristics such as the medullary 
ray cells serve to distinguish individual woods. For example, 
in firs the medullary ray cells have simple pits and in spruce 
small bordered pits, whilst in pines both bordered pits and 
teeth-like thickenings of the walls may be observed. 

Chemical Wood Pulps. — Three types of chemical wood pnlp 
are made in quantity, namely, sulphite pulp, soda pulp, and 
sulphate pulp. These may be distinguished by the amount of 
chloroform extract they give, sulphite yielding 0-5 to 1*0 per 
cent., whilst sulphate and soda give 0*2 per cent, or less. 

X. Sulphite Pulp. — ^Wood chips are digested in a solution of 
sulphurous acid and calcium acid sulphite, Ca(IIS03)2, at 65 to 
70 lb. pressure for about 20 hours. These reagents remove 
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lignin and h^^drolyse polysaccliarides, but have little effect on 
cellulose. It may be necessary- to bleach the pulp with a 
hypochlorite solution or other bleaching agent, but for many 
purposes this is unnecessary". The pulp is thoroughly washed, 
passed through press rolls, cut into boards, and dried. It is 
from bleached sulphite pulp that cellulose wadding is made. 

2. Soda Pulp is made by digestion with a 7 to 8 per cent, 
solution of sodium hydroxide at a pressure of 100 to 130 lb. 
The pulp is greyish unless afterwards bleached. 

3. Sidphate Pulp takes its name from the employment of a 
crude mixture of neutral and acid sodium sulphates obtained 
as a by-product in the manufacture of nitric and hydrochloric 
acids. This mixture is reduced by heating with carbon and 
lixivitated to give the solution in which the wood is digested. 
It contains about 4 to 6 per cent, of sodium hydroxide and 
1*5 to 4*0 per cent, of sodium sulphide, the latter forming more 
sodium hydroxide and sodium hydrosulphide by hydrolysis. 
The wood is digested for 3 or 4 hours at 100 lb. pressure. 

Cellulose Wadding (CeUulosum Ligni). — This is prepared 
from high-grade bleached sulphite pulp, which is received by 
the manufacturer in the form of boards about 2 ft. square and 
0*04 in. thick. These are packed in bales containing about 
400 lb- pulp. The pulp is put in a “ beater,” where it is mixed 
with about twxnty times its weight of water, and the mixture 
circulates between a power-driven roll and the bed-plate of the 
** beater.'’ The effect of this is to break up the pulp into 
separate fibres. When this process is complete the contents 
of the beater are mixed with a further quantity of water and 
then allowed to run in a steady flow on to the “ wire of the 
paper machines. This “ wire " is a very fine wire gauze through 
which the water runs, leaving a fine web of fibres on top of the 
I “ wire.” This web is then dried and creped to give a thin, soft, 

• absorbent sheet. About 30 of these thin sheets are laid 
together to form cellulose wadding. 

When examined microscopically chemical wood pulps or 
cellulose wadding show characteristic woody elements which, 
however, give no hgnin reaction (distinction from mechanical 
wood pulp). Tracheids with bordered pits and characteristic 
medullary ray cells are usually observed. The cellulose nature 
of the walls is shown by the blue colour obtained with iodine 
followed by 80 per cent, sulphuric acid, and by their solubihty 
in an ammoniacal solution of copper oxide. The B.P.C. test 
for absorbency should be noted. 
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White Filter Papers. — “ All-rag fibre is usually used for 

white filter papers. Rags, already" sorted into some twenty or 
thirty grades, are available to paper manufacturers, A grade 
consisting largely of soft musHn, which is too soft for writing 
papers, is well suited to the manufacture of filter and blotting 
papers. These rags are again picked over, cleaned, cut into 
pieces of uniform size, boiled in caustic soda solution for about 
eight hours, and thoroughly washed. They are then beaten 
and cut finely with sharp knives, since the absorbency depends 
largely on the number of cut ends. For the preparation of 
so-called ashless filter papers for use in quantitative anal^^sis 
the pulp is treated with hydrochloric or with hydrochloric and 
h^^drofluoric acids. In making the pulp into paper light 
pressure makes for rapid filtration, but the paper is inclined to 
pulp up under severe washing. The so-called hardened 
grades of filter paper are the most resistant to washing. For 
many purposes grey filter papers, which are strengthened with 
animal fibres, may be employed. 

Under the microscope the cotton fibres can easily be 
recognised by their strap-like appearance and thickened edges, 
but the treatment to which they have been subjected produces 
a large number of cut and frayed ends. Some of the fibres 
ma3" stain with iodine alone (presence of hydroxycellulose) , but 
the majority stain blue wdth iodine followed by sulphuric acid. 
The3’' swell evenly" and then dissolve in ammoniacal solution 
of copper oxide and are not stained by picric acid, boiling 
Millon’s reagent, or phloroglucinol and h^^drochloric acid. 

Grey Filter Papers. — The manufacture of these differs 
somewhat from that of w^hite filter papers, since they contain 
animal fibres which would be decomposed if treated wdth boiling 
alkah. The rags used also contain some dyed fibres. If a 
little of the ptdped paper be examined in water a small propor- 
tion of red, blue, or yellow fibres will usually be observed. On 
treatment with boifing picric acid solution a few per cent, of 
the fibres stain yellow and usually show the microscopical 
appearance of wool. The unstained vegetable fibres usually 
resemble those found in white filter paper. 

Gre^^ filter papers frequently contain iron, which may con- 
taminate the filtrate and in some cases cause colour changes. 
The use of grey filter papers is further limited by the solubility 
of wool in alkali and its sulphur content. 
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JUTE (CORCHORUS) 

Source. — ^Jute consists of the strands of phloem fibres from 
the stem bark of Corchort 4 .s capsularis, C. olitorius, and other 
species of Corchorus (Fam. Tiliacese). These are annual plants 
about 10 to 12 ft. high which are cultivated in Bengal, in the 
delta region of the Ganges and Brahmaputra rivers, and in 
Assam, Bihar, and Orissa. 



Fig. 50. — Retting jute stems (from the Imperial Institute Collectiou).* 


Preparation. — The straight stems are cut when, about July, 
the plants are in flower. The leaves are removed and the stems 
made into bundles and conveyed to the nearest water tank or 
pool for retting. The bundles are covered with straw to protect 

* The above is one of a series of six photographs on the jute industry in 
India ohteinable from the Imperial Institute. Xhe postcards are entitled : — 
Cutting jute, Retting jute stems, Stripping jute fibre, Sorting jute, Jute 
bale for export, and Weaving jute at Calcutta. This and similar series on 
cotton, cocoa, tea, cloves, lac, etc., price ^d. each, are accompanied by a leaflet 
giving a map and details of the industry. 
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them from the direct ra3"S of the sun, which would make the 
fibre speck\% and weighted to keep them submerged. The 
structure of jute bark resembles that of the lime (Tilia), with 
which students of botan3- will be familiar. The retting process, 
which lasts about three weeks, is designed to facilitate the 
separation of the bark from the wood and the strands of phloem 
fibres from the surrounding softer tissues. Tlax and hemp 
fibres are also prepared b3^ retting. After retting, the worker 
beats the ends of the stems with a mallet and separates the 
wood from the fibres. The latter are then cleaned by jerking 
them backwards and forwards on the surface of the water and 
hung up in the sun for a few da3^s to dr>^ and bleach. The jute 
is graded according to colour, glossiness, and length, and pressed 
into bales each weighing 400 lb. The annual production is 



Fig. 51. — Jute fibres, entire and in transverse section. 


about 10 million bales. About 60 per cent, of this is spun into 
3"arn in India and made into jute hessian and sacking, jute being 
the cheapest and most durable material for sacks. 

In the preparation of yams and ropes from jute, hemp, and 
flax the short fibres are mechanicall3^ separated from the long 
ones, as has been described in the case of cotton. These short 
fibres are known respectively as jute, hemp, and flax tows. In 
pharmac3% however, the term tow is understood to mean 
the jute tow% Stupa which consists “ of jute fibre of 

good average quality', in cheese roUs.'’ 

Characters. — Jute of the B.P,C. is described as “ pale bufi 
or silver3’“grey ” in colour, whilst tow is “ yellowish-brown."' 
The commercial strands of jute are i to 3 metres long and about 
30 to 140/X in diameter. Hach consists of a bundle of phloem 
fibres composed of ligno-cellulose. The heavily lignified middle 
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lamella is destroyed by oxidising agents ; a mixture of nitric 
acid and potassium chlorate may therefore be used to dis- 
integrate the bundles, the individual fibres being then teased 



Fig. 52. — A and B, flax fibres ; C and D, hemp fibres ; B and D, transverse 
sections. All about (After von Hohnel.) 


out and sketched. Prepared transverse sections should also be 
examined and compared with those of hemp and flax. The 
following notes may be found useful : — 



Jute. 

Hemp. 

Plax 

Source. 

Corckorus spp. 

Cannabis sativa. 

Linum 

usitatissimum. 

Apex 

Bluntly pointed 
or rounded. 

Mostly blunt 

and sometimes 
forked. 

Sharply pointed. 

Wall 

Without mark- 
ings ; lumen 

varying in size. 

i 

Marked stria- 
tions, cross 

fissures, and 
swellings; 
lumen large 

and uniform. 

Thick wall with 
line cross lines 
some intersect- 
ing ; lumen 

narrow. 
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Jute. 

Hemp. 

Tlax. 

Source. 

Corchorus spp. 

Cannabis sativa. \ 

Limim 

usUaiissimum. 

Transverse section . . 

Pol^’gonal, sharp 
angles ; lumen 
oval or circular. 

Roughly 3 to 6- 
sided with 

rounded cor- 
ners ; lumen 

cleft or 

branched. 

5 or 6 straight 
sides ; point- 

like lumen. 

Diameter 


16-50/X. 

I2-30yLt. 

Phloroglucinol Test 

Deep red. 

Slightly red. 

Colourless or 

slight pink. 

Iodine and 

Sulphuric A cid. 

Yellow through- 
out. 

Inner wall blue ; 
middle lamella 
yellow. 

Blue or violet. 

Chlorzinciodine 

Yellow. 

Purple to yellow. 

Purple to yellow. 


Jute should be tested with the above reagents both before 
and after delignification. When tested with ammoniacal 
solution of copper oxide the fibres swell considerably, but do 
not readily dissolve (distinction from cotton and flax) . 

Standards for Surgical Dressings 

Standards for surgical dressings will be found in the 
which should be consulted. Purther information will be 
found in Chapter PV of Bentley's Textbook of Pharmaceutics. 
The following notes are merely intended to indicate some of the 
terms employed and the types of standards in use. 

Simple Fibres. — The identity of the flbres should be 
established by microscopical examination and chemical tests, 
as indicated in the preceding pages. Some or all of the 
following points may also need examination : — 

1 . Moisture-content, e.g. silk and tow. 

2 . W at er -soluble extractive, e.g. cotton wool. 

3- Ash, e.g. cotton wool. 

4 - Absorbency, e.g. cotton wool and cellulose wadding. 

Students should examine a good and a bad sample of cotton 

wool for the following ; — 

{a) Absorbency . — Compress a weighed sample into a 20-mil 
beaker and complete the B.P.C. test. Compare with non- 
absorbent cotton wool. 
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(b) Foreign Matter and Staple . — ^WJien eacli sample is pulled 
over a sheet of paper the bad sample -will probably show excess 
dust, leaf, shell, etc., and mil offer less resistance to pulling 
than the good sample. The length of staple may be judged 
by puUing fibres straight with forceps on a velvet board and 
then measuring with a rule. At least a hundred should be 
measured, and the method is not so accurate as the Baer sorter 
method.* 

(r) Neps are small tangled masses of fibres visible to the 
naked eye. They may be produced during growth or by 
ginning too fast or w^hilst the cotton is damp. The two 
samples should be spread out as described in the B.JP .C. and 
the difference in number of neps observed. A sample kept By 
the Manchester Testing House ser\^es as a standard for this test. 

Fabrics. — The material from which 
a fabric is made is identified by micro- 
scopical examination and chemical 
tests. As several different materials 
may be present, a number of threads 
running in each direction must be 
examined. 

Warp and Weft . — The threads 
running lengthwise form the warp, 
w^hilst those crossing them at right 
angles constitute the weft. In fabrics of 
plain weave the shuttle carrying the 
weft threads runs over and under 
alternate w^arp threads first from left to right and then 
from right to left. The weft thread thus doubles on itself, 
giving a selvage edge. A fabric usually stretches most in the 
direction parallel to the weft threads, a fact which serves to 
distinguish w^arp from weft if a selvage edge is not present on 
the piece of material under examination. 

For counting the number of threads per linear inch in the 
warp or weft a linen-tester or linen-prover (Fig. 53) is used. 
This is opened as shown and placed on the fabric. The sides 
of the square lying on the material are made of some convenient 
size (often J, or x in.) and the number of threads in each 
direction covered by the square can easily be counted by 
looking through the lens, which is at the correct focal distance. 
As the material may not be uniform, a series of counts taken in 
different parts of the fabric should be made. 

Journal Textile Institute, 23, T 35. 



Fig. 53. — A linen tester 
(W. W’^atson & Sons, 
Ltd., London). 
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Count or Fineness of Yarn, — ^This is the number of hanks, 
each of 840 3’ards in the case of cotton or 560 yards in the case 
of wool, that make a weight of i lb- 

It will be observed that the B.P.C. lays down standards for 
the number of threads per linear inch and the weight of a 
definite area of fabric. Thus, although the count of yarn is 
only mentioned in a few cases, e.g. Open-Wove Bandage, the 
number of threads and weight per unit area of fabric actually 
fix the counts of the yams to be used. 

Counts used may be determined by one or other of the 
following calculations : — 

{a) Weigh 12 3"ards of yam in grains. Then, since 
7,000 -y 840 = 100 -y 12, 

Count = 100 divided by weight of 12 ymrds in 
grains. 

{h) Cut a sample of fabric to a clear thread and pull out 
the wrarp and weft threads separately. Measure their length 
and weigh them to the nearest tenth of a grain. Then, if 
jtr = length of a thread in inches 
N — number of threads 

W = total weight of the threads in grains 

, 7,000 Nx Nx 

Count = ^ X — FVf? = VTF 

840 36W 4*32W 

Moisture- Content. — In the air-dry state animal fibres average 
about 12 to 16 per cent, of moisture, whilst vegetable ones 
contain about 6 to 8 per cent., although they may absorb 
considerably more. The moisture-content is determined by 
drying at loo*^. The moisture-regain is the percentage of 
moisture required to adjust a dry material to a normal moisture 
content (cf. Corchorus, B.P.C.). 

Foreign Matter in Fairies. — ^In weaving, starch pastes and 
other sizes are commonly applied to the warp threads to reduce 
friction in the loom, whilst a variety of filling sulstances may be 
used to produce a desired finish. Generally speaking, such 
additions are undesirable in the case of surgical dressings, which 
are commonly required to be “ free from added foreign matter '' 
or have a specified limit for foreign matter. The determination 
of foreign matter is described in the B.P.C. 

Determination of Cotton and Wool. — The determination of 
the proportion of cotton and wool is necessary in the case of 
mixed fabrics such as crepe bandage. The determination 
depends on the relative solubilities of wool and cotton in a 
10 
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boiling 5 per cent, sodium hydroxide solution. In such mixed 
bandages the arrangement of the threads should be noted. 

Elasticity . — Bandages such as crepe and elastic adhesive 
bandage are, after stretching, required to return to a certain 
proportion of their fully stretched length. 

Miscellaneous Filtering Media 

ASBESTOS 

Uses and Sources. — Asbestos is used for filtering acids and 
other corrosive liquids and, in the form of compressed pads, as 



Fig. 54- — Amphibole asbestos (Sutcliffe). 

in the Seitz filter, for sterilisation by filtration. Asbestos 
yams are used in brake bands and are made into cloths for use 
in heat-resisting clothing, fireproof curtains, etc. The general 
term “ asbestos ” includes the fibrous varieties of the minerals 
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serpentine {cJirysotile asbestos) and hornblende (amphihole 
asbestos). Canadian asbestos, a chr^^sotile variety, is most 
wideh’ used, but the mineral is also mined in Ital^^ (amphibole 
variety), C^’-prus, South Africa, Australia, and the U.S.S.R. 
Both varieties consist mainly of hydrated magnesium silicates, 
but show differences in moisture content, iron content, etc. 

Generali}' speaking, that containing the most water, chryso- 
tile, gives the most silky fibre, and is therefore suitable for 
spinning ; it loses strength when heated above 400° and is 
attacked concentrated acids. The amphibole variety, on 
the other hand, contains less water and cannot readily be spun, 
but shows little change when heated to 1,100° and is highly 
resistant to acids. 

Characters. — Rock asbestos may be whitish, yellowish, or 
greenish, but varies considerabty in colour according to its 
source. It may be easily' pulled apart by the fingers and the 
individual fibres are finer than any vegetable fibres, being o*5yu. 
or less in diameter. 

Asbestos does not fuse when heated (distinction from glass 
wool) and shows little diminution in weight. Amphibole 
asbestos is not acted on by concentrated acids, but the chryso- 
tile variety is partly decomposed by hydrochloric acid and, if 
given sufficient time, completely decomposed by sulphuric 
acid- 


TALC: FRENCH CHALK 

Talc resembles asbestos in that it is a native magnesium 
siheate and in its resistance to heat and reagents. It is used 
for filtering liquids containing finely divided particles in 
suspension. 

The microscopical appearance is quite different from that of 
asbestos, since talc consists of crushed crystals the ends of 
which are jagged and laminating. Like asbestos, it appears 
bright in polarised fight, loses very little weight when ignited, 
and is resistant to acids and alkalis. 

Purified talc is made by boiling the mineral with dilute 
hydrochloric acid, washing and diyfing at 110°. When so 
treated it should contain only a limited amount of water- 
soluble matter, particularly iron salts, and should be neutral 
to litmus. 



148 


PH A EM A COGNOS Y 


GLASS 

Molten glass may be drawn out into ver\- fine threads known 
as spun glass. The end of a rod of soda glass, about the 
thickness of a pencil, is melted and drawn to a thread which is 
thrown over a bicycle wheel, minus the tyre. The end of the 
glass rod is kept at a suitable temperature and the wheel rotated 
by” a small motor. The glass produced is sold in several forms 
known as glass cotton if in straight fibres, glass wool if in masses 
of curled fibres, and in sheets or pads made from either glass 
cotton or glass wool. The extra curve on the fibre of glass 
wool may” be obtained by” drawing the thread from two glass 
rods of different degrees of hardness. 

Glass is used for filtration in the above forms or in sintered 
glass filters. The latter are made from particles of Jena glass 
of uniform size. They may be used not only^ for corrosive 
liquids but may be sterilised and used for ey^e-lotions, injections, 
etc. 

Under the microscope the threads of glass wool are seen 
to be much coarser than those of asbestos, and since they are 
amorphous they” do not shine in polarised light. They fuse 
on heating but show no immediate change when treated with 
alkaline solutions or concentrated acids . 


DIATOMITE ; PURIFIED SILICEOUS EARTH ; 
PURIFIED KIESELGUHR 

Preparation. — Large deposits of diatomite are found in 
Aberdeenshire, Virginia, California, Germany, and Uorth 
Africa. The cmde product contains about 65 to 87 per cent, 
of SiOa, together with organic matter, clay, iron oxide, and 
about 5 to 15 per cent, of water. The silica is mainly amor- 
phous, being present in the siliceous walls of minute, unicellular 
plants belonging to the Diatomace^. A much smaller per- 
centage of silica occurs in the walls of spicules of siliceous 
sponges and, in a crystalline form, as sand. 

The material is dried and crushed, ignited to remove organic 
matter, boiled with dilute hydrochloric acid to remove im- 
purities such as iron, washed with water, and dried. It is 
then sifted or air-blown,'’ the finest grades used in face 
powders being obtained by the latter method. 
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Characters. — Purified kieselguhr is a fine, white, or pale-buff 
odourless powder. It must comply- with limit tests for moisture, 
organic matter, iron, carbonate, and sulphates. Por micro- 
scopical examination it ma^” be mounted in cresol or olive oil. 
In the latter medium the amorphous silica of the diatoms be- 
comes almost invisible, w’hilst the cr3,^stalline particles of sand 
remain clear. Onl}’' small amounts of sand (Fig. 55 B) should 
be present. 

The diatoms consist of two halves or valves which fit together 
like a pill-box. The two positions from which they may be 


studied are known as the 
valve-view and girdle- 
mew. The valves show 
considerable variation in 
shape, some samples of 
kieselguhr showing numer- 
ous discoid types re- 
sembling that of the 
A.rachnoidiscus found in 
agar (Fig. 62), whilst 
other samples consist 
largely of pennate forms 
(Fig. 55). A mixture of 
both types is usually most 
suitable for filtration, and 
a selection of the best 
sample of diatomite for a 
particular task is thus 
largely dependent on 
microscopical examination. 
In many diatoms a median 
cleft is found in the valves, 
known as the raphe. The 



55 -T-Kieselgiihr. Ai-A 10 skeletons 
of diatoms ; B, sand particle ; C, 
sponge spicules. (After Thoms' 
Handhuch der Pharmazie.) 


valves also show dots and lines which vary in the different 
species and are due to minute cavities in the wall. 


Kieselguhr is insoluble in all acids except hydrofiuoric, but 
is soluble in alkalis. It is used for the filtration of oils, fats, 
syrups, etc., and in the form of the Berkefeld filter for sterilisa- 
tion. Diatomite is also employed in face powders, pills, 
polishing powders, and soaps, and to absorb nitroglycerin in 
the manufacture of dynamite. 
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CHALK ; CRETA ; PREPARED CHALK^ 

Preparation. — Chalk is a whitish or greyish rock which is 
widely distributed in Korth- western Europe. It consists 
iiiainl3' of the shells of unicelltilar animals known as the 
Foraiiiinifera. Chalk as quarried often contains about 97 or 
98 per cent, of calcitim carbonate, the remainder being largely 
siliceous and therefore insoluble in acids. The impure chalk 
is iineh* ground with water and freed from most of the heavier 
siliceous impurities by elutriation. The finer particles consti- 
tute the official drag, whilst a somewhat coarser product is sold 
as “ whiting.'’ The elutriated product is allowed to settle 
and whilst still pasty’' is poured into a funnel-shaped trochis- 
cator. The latter is tapped on a porous chalk slab and ejects 

the chalk to form “ cones/' 
which are allowed to dry. 
These cones may be pow- 
dered, but are often asked 
for under the name of 
crab's eyes.'’ 

Characters . — Chalk 
should be mounted in 
cresol, warmed, and ex- 
amined lnicroscopically^ 
Most of the foraminiferous 
shells have been broken, 
but a number of whole 
ones usually remain. 
These should be detected 
with a |-in. objective, a 
higher power being then 
used for their detailed 
study. The whole shells may be concentrated in a small bulk 
by removing the broken ones by elutriation and examining the 
residue. The following should be identified and sketched — 

(a) Glabigerina . — In these the shell is of calcite and is 
perforated by large canals. Each consists of a few 
globular chambers arranged in a plane or helicoid 
spiral. The size varies from about 35^ to 30/^ to 
140/i. by ; 

* Although it is convenient to discuss chalk at this point, it must not he 
regarded as a good altering medium for pharmaceutical work. 



Fic. 56, — Shells from prepared chalk. 
Left, Glabigerina in cresol and in 
water ; right, Xextularia and mor- 
pholites in cresol. 
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{h) Text Ilia ria , — In these the shell is composed of grains 
of sand cemented together by calcareous matter. 
The3" are usually conical or cuneiform in shape and 
are composed of numerous chambers in two alter- 
nating parallel series. The size varies from about 
^OfjL b3" 40 /X to I75^t by iio^. 

[c) Morpholitcs . — These consist of small, rounded, ovoid 
or flattened bodies about lO/x to in diameter. 

Prepared chalk and precipitated chalk give the usual 
chemical tests for calcium and carbonate. When mounted in 
sulphuric acid (about 50 per cent.) chalks dissolve with 
effervescence (distinction from calcium oxalate) and acicular 
ci3’'stals of calcium sulphate separate on standing. 

Precipitated chalk is made by the interaction of a soluble 
calcium salt and a soluble carbonate. The precipitate varies 
considerabl3^ with the method of preparation. When pre- 
cipitated at about 0° the product is very light and almost 
entirely amorphous ; and about 30° a denser precipitate or 
minute rhombohedra is formed, and if boiling solutions are 
used the precipitate consists of prismatic rhombohedra having 
a higher specific gravity than either of the previous forms. It 
will be noted that the official substance is described as micro- 
crystalline powder. Students should, if possible, prepare 
samples themselves under different conditions and compare 
their microscopic appearance with that of commercial samples. 



CHAPTER XII 

QUANTITATIVE MICROSCOPY 

In recent years a considerable number of papers have been 
published by Wallis and his collaborators on quantitative 
microscop\\ In addition to the simple measurement of the 
sizes of tissues, cells, and cell contents by means of the micro- 
meter eyepiece or camera lucida (pp. 78 and 79), it is possible to 
estimate the percentage of foreign organic matter in many 
powdered drugs b3'' a hTopodium spore method which has been 
worked out b^" Wallis and is described in Appendix IX of the 
B.P.C. Other microscopical determinations which may use- 
full^” be made in certain cases are vein-islet numbers, palisade 
ratios, and stomatal numbers. 


VEIN-ISLET NUMBERS 

The term “ vein-islet is used to denote the minute area 
of photosynthetic tissue encircled b^^ the ultimate divisions 
of the conducting strands. The number of vein-islets per 
sq. mm. is termed the vein-islet number. When determined 
on whole leaves the area examined should be from the central 
part of the lamina, midway between the margin and midrib. 
The result should be given to the nearest 0-5. 

Method. — ^Man}^ leaves ma^’' be cleared by boiling in chloral 
h^’drate solution in a test-tube placed in a boiling- water-bath. 
Those 'which are difficult to clear in this way may, after soaking 
in water, be treated successively with chlorinated soda to 
bleach, 10 per cent, h^^drochloric acid to remove calcium 
oxalate, and finally chloral h^^drate. 

A camera lucida or projection apparatus is set up and by 
means of a stage micrometer the paper is divided into squares 
of I sq. mm. using a i6-mm. objective. The stage micrometer 
is then replaced by the cleared preparation and the veins are 
traced in four contiguous squares, either in a square 2 mm, 
X 2 mm. or a rectangle i mm. x 4 mm. (Fig. 57). When 
counting, it is convenient to number each vein-islet on the 
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153 


QUANTITATIVE MICROSCOPY 

tracing- Hach numbered area must be completely enclosed 
bv veins, and those which are incomplete are excluded from 
the count if cut by the top and left-hand sides of the square 
or rectangle but included if cut by the other two sides. For 
example, the vein-islets in Fig. 57 total 62 and the vein-islet 
number is therefore 15-5. 



Fig. 57. — The vein-islets of 4 sq. mm. of the leaf of Erythroxylum 
truxilleyise. (After Levin.) 


Examples. — ^Fevin * determined the vein-islet numbers of 
a number of species of senna, coca, digitalis, and buchu leaves. 
As will be seen from the figures given, the vein-islet numbers 
frequently serve to distinguish closely related plants. In the 
case of the Barosma species it will be noted that B. serratifolia 
and B. Batkii, which cannot be distinguished from B. hetulina 
by their palisade ratios (see below), are distinguished from the 
official leaves by their vein-islet numbers. 



Species. 

Range of Vein- 
Islet Numbers. 

Average. 

(a) Senna . . 

Cassia acuiifolia 

25-29-5 

26 


Cassia angustijolia 

I 9 - 5 - 22-5 

21 

[b] Coca 

Erythroxyluni coca 

8—12 

1 1 


Erythroxylum truxillense 

15-26 

20 

{ c ) Digitalis 

Digitalis purpurea 

2-5*5 

3*5 


Digitalis lanata 

2 - 3*5 

2-7 


Digitalis lute a 

1-1-5 

1*2 

{d) Buchu . . 

Barosma Bafhii 

15-20 

i 6*8 


Barosma serratifolia 

g-24 

i6*6 


Barosma crenulata 

10— i6*5 

13-0 


Barosma hetulina 

10-15 

X 2 .-J 


Barosma pulchella 

6-8*5 

7*2 


Barosma venusta 

5-7 

6*0 


I^evin, The Taxonomic Value of Vein Islet Areas, Y,B. Pharm., 1929. 
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PALISADE RATIO 

The average number of palisade cells beneath each upper 
epidermal cell is termed the palisade ratio. Whereas vein-islet 
numbers require for their determination fairly large particles, 
the palisade ratio ma^-^ be found from quite fine powders. 

Method. — Pieces of leaf about 2 mm. square, or powder, 
are cleared b^’ boiling with chloral hydrate solution, mounted, 
and examined with a 4-mm. objective. A camera lucida or 
other projection apparatus is arranged so that the epidermal 
cells and the paHsade cells lying below them may be traced. 
First a number of groups each of four epidermal cells are traced 
and their outlines inked in to make them more conspicuous. 
The palisade cells lying beneath each group are then focused 



Fig. 5S. — Tracings for the determination, of palisade ratios. Left to right, 
Barosma betulina, pulchella, and venusta. (After Wallis and Dewar.) 


and traced. The palisade cells in each group are counted, 
those being included in the count which are more than half 
covered by the epidermal cells ; the figure obtained divided 
by four gives the palisade ratio of that group. The range of 
a number of groups from different particles should be recorded. 

Examples. — Wallis and Dewar * have investigated the 
paEsade ratios of different species of bncbu. The values found 
serve to distinguish Barosma pulchella (6-16), Barosma venusta 
(5-12*5), Barosma ovata (5-14-5), and B. Peglera^ (6-11-5) from 
those of the official leaves of Barosma betulina (10-26). The 
paEsade ratios of B. serratifolia, B. crenulata, and B. Bathii 
are, however, approximately the same as that of B. betulina. 

STOMATAL NUMBER 

The average number of stomata per sq. mm. of epidermis is 
termed the stomaial number. In recording results the range as 

* Wallis and Dewax, Buchu and the Leaves of other species of Barosma, 
A comparative Stndy of their Anatomy, Y.B. Bharm., 1933, 347-362- 
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well as the average value should be recorded for each surface 
of the leaf and the ratio between the two surfaces. 

Method. — Fragments of leaf from the middle of the lamina 
are cleared with chloral hydrate solution or chlorinated soda. 
Timmerman counted the number of stomata in from 12 to 30 
fields and from a knowledge of the area of the field was able to 
calculate the stomatal number ; the camera lucida method 
described for vein-islet numbers may also be used, the position 
of each stoma being indicated on the paper by a small cross. 

Examples. — The investigations of Timmerman ^ indicate 
that stomatal numbers are usually useless for distinguishing 
between closely" aUied species, but that in certain cases the 
ratio between the number of stomata on the two surfaces may 
be of diagnostic importance. It is possible, for example, to 
distinguish Datura innoxia from other species of Datura, as 
ma^" be seen from the following figures : — 


Species. 

Upper Surface. 

Lower Surface. 

Ratio. 

Range. 

Mean. 

Range. 

Mean. 

Lower -t- Upper. 

D. Stramonium 

65-140 

101 

145-240 

191 

1*97 

D. tatula 

93-175 

134 

I 95-331 

250 

1-98 

D. 1 CSV is 

I 08- I I 5 

III 

188-215 

201 

I -So 

D. innoxia 

162—172 

167 

168-223 

196 

I-I7 


LYCOPODIUM SPORE METHODS 

Wallis * has shown that lycopodium spores are exceptionally 
uniform in size (about and that i milligram of lycopodium 
contains an average of 94,000 spores. These facts make it 
possible to evaluate many powdered drugs providing that they 
contain either {a) well-defined particles which may be counted, 
e.g. pollen grains or starch grains ; or (b) single-layered tissues 
or cells the area of which may be traced at a definite magnifica- 
tion and the actual area calculated. Whichever method be 
adopted, mounts containing a definite proportion of the powder 
and lycopodium are used and the lycopodium spores counted 
in each of the fields in which the number or area of the particles 
in the powder is determined. Full practical details for the 

♦ Timmerman., Stomatal Numbers ; their Value for Distinguishing Species, 
P./., 1927, 118, 241. 

t 'Wallis, Analyst, 1916, 357— 374. 
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different types of estimation are described in the which 

should be read in conjunction with the following notes. 

Coimtiiig of Particles. — ^The material is powdered and its 
moisture- content determined. AVeighed quantities of the 
powder and h'copodium spores are mixed and suspended in a 
suitable viscous liquid. A drop of this suspension is mounted 
and examined wdtli a 4-mm. objective- The number of lyco- 
podium spores and the number of characteristic particles, e.g. 
pollen grains, are counted in 25 diferent fields, which may be 
obtained by the use of a mechanical stage or a counting- field 
finder. K further series of counts are made from a second 
mount and a further two series from a second suspension. 
From the mean of these four results and a knowledge of the 
weights of lycopodium and powder in the mixture, the number 
of characteristic particles in i milligram of the powder may be 
calculated. 

Examples. — It has been found that a good sample of 
py rethrum powder contains from 1,000 to 2,000 pollen grains 
per milligram and that wheat starch contains about 400 
granules per milligram measuring 40 ju, or more. If either of 
these pow’ders were adulterated, a determination of the nnmber 
of pollen grains or larger starch grains respectively would 
enable the percentage of foreign organic matter contained in 
each to be determined. 

Measurement of Area. — ^This method is an extension of the 
above and is applied to powders which contain a characteristic 
type of particle w^hich varies in size, e.g. epidermal fragments of 
leaves, single layers of sclerenchyma, or isolated fibres. 
Weighed quantities of the powder and lycopodium spores are 
mixed as before and may be cleared with chloral hydrate or 
stained with phloroglucinol and hydrochloric acid to assist 
identification of the characteristic particles. A camera lucida 
and drawdng board are fitted up and by means of a stage micro- 
meter the magnification produced with a 4-mm. objective is 
determined as in Example i, p. 80. A magnification of about 
400 is suitable and we will assume that we find the magnifica- 
tion is 420. The cleared or stained suspension is mounted 
and a suitable area examined. If the particles to be traced are 

* Wallis, Ancdyst, 1935, < 5 o, 520. The counting-field finder consists of a 
card wbicli may be attached to the microscope stage by clips or an adhesive. 
It has a central hole i in. in diameter and is ruled with a rectangle of the size 
of a microscope slide. Around this are concentric rectilinear frame lines at 
intervals of i and 2 mm. By moving the microscope slide to coincide with 
each of these in turn the 25 fields are obtained. The positions of these fields 
are shown in the B.P.C., Fig. i. 
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fairl3’' numerotis, 25 fields at this magnification will suffice, 
but if the number of particles is small an area of about 40 sq. 
mm. should be examined, as in Kxample x below. In each 
field the spores are counted and the characteristic particles 
traced. The tracings are cut out, weighed, and their area 
calculated b^^ weighing a sheet of known area of the paper used. 
This area divided by the magnification used (420) gives the 
actual area of the particles in a certain weight of the powdered 
drug, which can be calculated from the number of spores 
counted and the weight of spores and powder in the suspension. 

Example 1 . — ^Wallis and Saber * find the epidermal areas 
per gram of dried Indian senna and ailanthus leaves to be 
270 sq. cm. and 318 sq. cm. respectively. As the particles of 
ailanthus are easily" distinguished from those of senna, it is 
possible to determine the percentage of each in a mixture. If 
the proportion of ailanthus in senna is small, e.g. 2 per cent., 
it is necessaiy^ to examine an area of about 40 sq. mm. In 
one experiment made b}^ Wallis and Saber a mixture containing 
2 per cent, of ailanthus was used and duplicate’ determinations 
gave 1*73 and 2-15 of ailanthus. For the estimation of such a 
small percentage an area of 42-6 sq. mm. was examined. This 
was made up of 9 strips each of width equal to the field of view, 
i.e. 0*385 mm. and 12 mm. long with a semicircular piece at 
each end equal to half the field. 

Example 2 . — Similarl^^ it has been shown that the epidermal 
area per gram of Indian senna stalk is 100 sq. cm. per gram, 
and the percentage of stalk on a sample of powdered Indian 
senna may thus be determined, f 

Example 3 . — Saber J has made quantitative determinations 
of powdered linseed, making use of the fact that this seed 
contains a well-marked layer of sclerenchyma one cell in thick- 
ness. The area per gram of this tissue was found to average 
34*3 sq. cm. in material dried at 100° and 49*7 sq. cm. in material 
which had been defatted and dried. The area per gram in a 
sample of pressed linseed cake, defatted and dried, was 52*6 
sq. cm. It was found possible to determine the percentage of 
linseed in products such as mixed cattle cake. If the cake 
contains starch the method is modified to remove this by the 
preparation of a crade fibre (see p. 116). 

* Wallis and Saber, The Quantitative Determination of Foreign Leaves 
in Powdered Drugs, Y.B. JPharm., 1933, 655. 

t Saber, Th e Determination of Senna Stalk in Senna, Y.B . Pharm., 1 93 4, 435 . 

t Saber, The Quantitative Determination of Powdered Linseed, Y.B. 
Pharm., 1934, ^ 45 - 
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THE EXAMINATION, DESCRIPTION, AND 
MORPHOLOGICAL CLASSIFICATION OF DRUGS 

chief means b}- which drugs are recognised and valued 
are as follows : examination with the naked eye or a lens, 
odour, taste, microscopical examination, qualitative and 
quantitative chemical tests, biological tests, and physical 
tests. Examples of the last are the determination of specific 
gravity", melting point, freezing point, boiling point, viscosity, 
refractive index, and optical rotation. 

The monographs in the British and United States Pharmacopceias 
are arranged in approximately the following order : — 

1. Latin Name and Abbreviation. 

2. English Name. 

3. Synonyms. 

4. Definition: (a) Source and Collection. — ^The part used, the botanical 
or zoological source ; and in some cases, the commercial variety, 
time and method of collection, and temperature for drying. 

(6) Purity Rubric. — When drugs such as cloves, buchu, and the 
Solanaceous leaves are collected it is not feasible to free completely 
the organs in question from other parts of the plant. The Pharma- 
copoeias therefore state what percentage of these organs and of other 
foreign organic matter are officially permitted. 

[c) Percentage of Active Constituents. 

5. Description.-— Schemes for the description of different plant 
organs are given below. The official descriptions are arranged in the 
foUowing order : — 

(a) Macroscopical Characters, 

(b) Microscopical Characters. 

(c) Odour and Taste. 

(<i) Solubility, 

6. Tests for Identity. — These are usually qualitative chemical 
tests. 

7. Tests for Purity. — [a) Physical, e.g. the S.G. of copaiba. 

(6) Microscopical, e.g. absence of calcium oxalate and sclerenchyma 
from digitalis leaves. 

{c) Chemical, e.g. absence of starch and tannin from acacia. 

A Assay, e.g. for alkaloids in belladonna leaf or for balsamic esters 
in balsam of Peru. 

9. Storage Directions. 

10. Preparations in which the drug is used. 

11. Dose. 
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DimsfioM for Practical Work. —Every drug examined 
sliouM be studied systematically and a report written in a 
regular order, vSketches should be made wherever possible. 
These should be of large size and to scale. The work may be 
arranged under the heading i to 7 given above. Under 
heading 5 the description should be arranged in a regular 
sequence for each type of organ, c.g. leaf, bark, etc., so that 
nothing of siiiportance is missed. Providing that some regular 
order is adopted it is unnecessar>- to adhere rigidly to the 
following schemes or to copy into the notebook the numerous 
headings, Im|>ortant commercial varieties, substitutes, and 
adulterants should be examined in a similar way. A certain 
number of botanical terms are necessary’ to give the descrip- 
tions precision. The more important of these are given below. 

Iieaves and Tops (“ Herbs ”) 

Aerial Stem. — Size ; herbaceous or woody, upright or 
creeping ; shape ; colour ; smooth, ridged, hair^^ ; if hairs 
are present say whether glandular or not ; arrangement of 
tissues as seen in transverse section. 

Pasition and Arrangement of Leaves. — Radical (arising from 
the crown of the root) or caiiline (arising from the aerial stem) . 
In the Solanacese note adnation (the fusion of part of the leaf 
with the stem). The arrangement may be alternate, e,g, lobelia, 
opposite, decussate (in pairs alternately’’ at right angles, e.g. 
peppermint) , or whorlcd. 

Leav^, Rowers, and Pruits, when present, should be 
described according to the following schedules. 


Important Leaves and Tops 


Savin 

Indian Hemp 

Peppermint 

Spearmint 

Stramonitim 

Hyoscyamns 

Belladonna 

Lobelia 


S.* See p. 216. 

S., U.S.P. See p. 300. 
U-S.P. See p. 570. 
U.S.P. See p. 571. 

B.P., U.S.P. Seep. 572. 
B.P., U.S.P. Seep. 577. 
B.P., U.S.P. Seep. 581. 
B.P. See p. 626. 


♦ Ehnigs marked S. are unofficial, but are included in the examination 
syllabus of the Pharmaceutic^ Society of Great Britain. Those marked 
B.P. are included in the British Pharmacopoeia, 1932, and those marked 
U.S.P. in the U.S.P. XI (1936). 
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Leaves or Leaflets 

Duration. — -Deciduous or evergreen. 

Leaf Base. — Stipulate or exstipnlate ; if stipulate describe 
shape, etc. ; if sheath is present describe it, e.g. amplexicaul 
(stem-clasping) . 

Petiole. — Petiolate or sessile. If present, describe size, 
shape, colour, hairs, etc. 



Fig. 59. — Terms applied to leaves. A, Shape : i, acicular ; 2, elliptical ; 

3, oval ; 4, oblong ; 5, round ; 6, linear ; 7, lanceolate ; 8, ovate ; 

9, obovate ; 10, subulate; ii, spathulate ; 12, diamond-shaped; 13, 

cuneate ; 14, cordate; 15, auriculate ; 16, lyrate ; 17, reniform. B. 
Composition ayid Incision : i, pinnatifid ; 2, pinnatipartite ; 3, pinnati- 
sect ; 4, palmatifid ; 5, imparipinnate. C. Apex : 1, emarginate ; 2, 
recurved ; 3, retuse ; 4, truncate ; 5, obtuse ; 6, acute ; 7, acuminate ; 
8, mucronate ; 9, apiculate. D. Margin: i, entire; 2, serrate; 3a 
and 3b, dentate; 4, crenate ; 3, sinuate; 6, ciliate. E. Base: 1, 

asymmetric ; 2, cordate ; 3, reniform ; 4, sagittate ; 5, hastate. 


L amin a : 1. Composition. — simple, whether pinnate or 
palmate. If compound, whether paripinnate (with an equal 
number of leaflets) ot imparipinnate (Fig. 59 ). 

2. Incision. — ^The leaf may he more or less cleft, the amount 
being indicated by adding -fid, -partite, or -sect to a prefix 
denoting whether the leaf is of a pinnate or palmate type. 
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3. Shape.-^-If the shape is obscured by drying, soak the 
leaf ill warm water and spread it on a tile. The shape may be 
atiruiiir, dliptiail, oval, oblong, round or orbicular, linear, 
LinceAate or ovate : or if the petiole is attached at the narrower 
end iidovate, etc. ; subulate (awl-shaped), spathulate (spoon- 
shaped), cuneaie (wedge-shaped), lyrate, hastate, sagittate, 
aurieulaie , cordate, or reniform (kidney-shaped). 

4. Venation. — Parallel, pinnate (feather-like), palmate, 

reiieulaie (net- veined). 

5. Margin. — Entire, serrate, dentate, crenate, sinuate. 

Presence or absence of marginal hairs or of water pores 

{hydruthodes) . 

6 . Apex. — Emarginaic, recurved, retuse, truncate, obtuse, 
acute, acuminate , mucronate, apiculate, 

7. Base. — Symmetrical or asymmetrical ; cordate, reni- 
form, etc. 

8 . Surface. — Colour ; glabrous (free from hairs) or pube- 
scent (hairy) ; if the latter, whether hispid (with rough hairs), 
hirsute (with long distinct hairs) or with glandular hairs ; 
punctate (dotted with oil glands). Note lines on surface of 
coca leaves, raised points on belladonna, press marks on 
Tinneveily senna, etc. Note any differences between the 
upper and lower surface, making surface preparations as 
indicated on p. 92 . 

9. Texture. — Brittle, coriaceous, papery’', fleshy, etc. 

10. Caienum Oxalate. — small piece of the leaf should be 
cleared b^" w^arming in chloral hydrate solution and examined 
for calcium oxalate. 

Other Organs and Percentage Purity. — For example, the 
stems and fruits found in buchu should be sketched and 
described. A weighed quantity of drug may be separated into 
leaves, steins, fruits, etc. The different organs are then 
weighed and their percentage calculated and compared with 
the official requirements. 


Important Leaves or Leaflets 


Coca 

Biichii 

HamameEs 

Senna 

Eriodictyon 

Digitalis , . 


S. See p. 414. 

B-P. p. 421. 

B.P. See p. 453. 

B.P., U.S.P. See p. 495. 
U.S.P. See p. 566. 

B.P., U.S.P. ^ep. 592. 
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Inflorescences and Flowers 

Type of Inflorescence. — Racemose^ cymose or mixed 
racemes of C3"mes in clove). 

Axis or Receptacle of Inflorescence. — ^The main axis of an 
inflorescence is called the rackis while the branches bearing 
flower clusters and individual flowers are termed peduncles 
and pedicels respectively. The term receptacle of the in- 
florescence must not be confused with the receptacle of the 
flower (see below). In the Roman chamomile the receptacle 
of the inflorescence is conical and solid, a membranous palea 
subtends each floret and the capitulum is surrounded by an 
involucre of bracts. Describe colour, shape, etc., of bracts. 

Type of Flower. — Monocotyledon or dicotyledon. Uni- 
sexual or hermaphrodite. Regular or zygomorphic. Hypo- 
gynous, perigynous, or epigynous (see Fig. 6o) . 

Receptacle of the Flower (Thalamus or Torus) is the extremity 
of the peduncle on which the calyx, corolla, etc., are inserted. 
When the receptacle is elongated below the calyx it is called a 
hypantkium or if below the ovary a gynophore or stalk of the 
ovaiy^ (Cf. clove). 

Calyx. — ISTumber of sepals if polysepalous or divisions if 
gamosepalous. Caducous {e.g. poppy) or persistent (o.g, bella- 
donna). Describe colour, shape, hairs, etc., as for a leaf. 

Corolla. — Number of petals if polyp etalous or divisions if 
gamopetalous. Describe as for leaves noting any special 
characteristics such as the venation in henbane and the oil 
glands in clove petals. 

Androecium. — Number of stamens; whether free or joined 
(mon~j di~adelphous , etc.), didynamous or tetradynamotis , epipe- 
talouSy etc. Dehiscence of anthers (valves, pores, or slits). 

GyncBcium. — ^Number of carpels ; apocarpous or syn- 
carpous ; superior or inferior. Sizes and shapes of stigma, 
style, and ovary. The enlargement at the base of the styles 
in the Umbelliferae is called a stylopod. Number of loculi, 
placentation (parietal, axile, free-central, etc.). 

Ovules. — Number in each loculus. Straight {orthotropous) , 
incurved {campylotropous)^ inverted {anatropous) (Fig. 60). 

Impozrtaiit Inflorescence and Flower 

tdoves B.P., U.S.P. Seep. 511. 

Chamomiles . . . . S. See p. 630. 

Also flowers of cannabis, stramonium, henbane, and belladonna, and 
the caKces and pedicels of capsicum, etc. 
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Fruits 

Tilt* classitication shows the principal types of 

fruit met with in pharmacognosy : — ^ ^ _ 

A. Simple, i.e. formed from a g3’noecium with one pistil. 



Fig. 6o. — A j. Ag, and A* h>'pogynous, perig3nious, and epigynous flowers ; 

Bg, and Bg atropous, campylotropous, and anatropous ovules ; C, 
fruit of Piper with single albuminous seed ; D, albuminous seed of 
Pmpmver ; E, exalbuminous seed of almond, r, embryo sac ; 2, nucellus ; 
3. integuments; 4, micropyle ; 5, raphe; 6, funicle ; 7, cotyledon; 

S, plumule; 9, radicle; 10, perisperm ; ii, endosperm; 12, testa; 
1 3, pericarp. 

B. Aggregate, i.e. formed from more than one pistil, e.g. 

aconite. 

C. CoUeciive, i.e. formed not from one flower but from an 

inflorescence, e.g. fig. 
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I. Simple, Dry, Indehiscent Fruits. — {a) Achene. A small 
hard indekiscent fruit. The term is strictly only applied to 
those formed from one carpel, but is sometimes used for those 
formed from two carpels, e.g. the fruit of the Compositae. 
The latter is better termed a cypsela. 

{b) Nut. — This is similar to an achene, hut is typically 
formed from two or three carpels, e.g. dock fruit. 

(r) Caryopsis. — ^This is the type of fruit in which the testa 
and pericarp are fused (found in the cereals). 

II. Simple, Dry, Dehiscent Fruits. — (^j:) Legume. A fruit 
formed from one carpel which splits along both dorsal and 
ventral sutures, e.g. senna. 

{b) Follicle. — A. fruit formed from one carpel which dehisces 
by the inner suture only. Follicles are usually found in 
aggregates or etserios, e.g. aconite and strophanthus. 

(c) Capsules are dry dehiscent fruits formed from two or 
more carpels. Some bear special names, e.g. the siliqua and 
silicula found in the Cruciferse, and the pyxis or pyxidium 
found in henbane. The latter is a capsule which opens like a 
pill-box b^^ means of a lid. 

III. Schizocarpic or Splitting Fruits. — ^A famihar example 
of this group is the cremocarp, the bicarpellary fruit of the 
Umbelhferse, which splits into two mericarps. 

rv. Succulent Fruits. — [a) Drupe. This is typically formed 
from one superior carpel, e.g. almond and nutmeg. The inner 
part of the pericarp, which is called the endocarp, is hard and 
woody and encloses one seed. 

(5) Berry. — ^This fruit is formed from one or more carpels 
and the pericarp is entirely fleshy. It is usually many-seeded. 
Examples : nux- vomica, colocynth, orange, lemon, capsicum. 
Special terms which are sometimes used are pepo for the berry 
of the Cucurbitacese and hesperidium for that of the orange 
and simhar Rutaceous fruits. 

The description of a fruit may be arranged as follows : — 

Class. — See above. 

Shape and Dimensions. 

Adhesion. — Superior or inferior. Fruits formed from 
inferior ovaries usually show floral remains at the apex, e.g. 
cardamom, fennel, unpeeled colocynth, and lobelia. 

Dehiscence. — ^Dehiscent or indehiscent. Different types of 
dehiscence are shown by the legume, folhcle, siliqua. and the 
p 3 rxidium and other capsules. Most capsules split longitudi- 
nally into valves which are usually equal or double in number 
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to those of the loculi or placente. Dehiscence is termed 
sepikidai if the valves separate at the line of junction of the 
carpels or irtcHlicidal if the valves separate between the placentae 
or dissepiment. In the latter case the placenta or dissepiment 
may remain attached either to the axis or to the valves. 

Pericarp. — Colour, texture, markings, number of sutures. 
Xote whether uniform throughout or modified into epicarp, 
mesocarp, and endocarp. 

Piacentation, e.g. marginal in senna, parietal in poppy, 
axile in cardamom, etc. 

Seeds. — Xumber. Describe in detail (see below). 

Other Characters. — Odour, taste, food reserves. 


Important Fruits or Parts of Fruits 


Caloc^Tith 
Orange Peel 
I^moii Peel 
Senna Fruits 
Tamarinds 
Fennel 
Coriander 
Carawav . . 
IHU ' .. 
Capsicum 


B.P. See p. 392. 

B.P. See p. 428. 

B.P., LT.S.P. Seep. 431. 
B.P. See p. 499. 

B.P. See p. 502. 

B.P. See p. 520. 

B.P, See p. 524. 

B.P., U.S.P. See p. 526. 
B.P. See p. 528. 

B.P., U.S.P. See p. 587. 


Seeds 

Seeds may be produced from orthotropous, campylo- 
trof^us, or anatropous ovules (Fig. 60) . Care must be taken to 
distinguish seeds from fruits or parts of fruits containing a 
single seed, e.g. cereals and the mericarps of the Umbelliferse. 
The ^ed consists of a kernel surrounded by one, two, or three 
seed coats. Mc^t seeds have two seed coats, an outer testa 
and an inner iegmen. The seed is attached to the placenta 
by a stalk ox funicle. The hiliim is the scar left on the seed 
where it ^arates from the funicle. The raphe is a ridge of 
fibrovascnlar tissue formed in more or less anatropous ovules 
by the adhesion of funicle and testa. The micropyle is the 
opening in the seed coats which usually marks the position 
of the radicle. An expansion of the funicle or placenta ex- 
tending over the surface of the seed like a hag is known as 
an aril or awillus. A false aril or arillode resembles an aril, 
blit is a seed c<MLt. A caruncle or strophiole is a protuberance 
arising from the testa near the hilum. 

The kernel may consist of the embryo plant only {exal- 
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buminous seeds), or of the embryo surrounded b^’’ endosperm 
or pcrispcrm or both [alhumino^is seeds) (Pig. 6 o). Bndosperm 
and perisperm are tissues containing food reserves and are 
formed respectively inside and outside the embryo sac. 

The description of a seed may be arranged as follows : — 

Size, Shape, and Colour. 

Funicle, etc. — ^Describe funicle and, if present, raphe and 
aril. 

Hilmn and Micropyle. — Size and positions. 

Seed Coats. — ^Number. If present, describe arillode, car- 

uncle, or strophiole. 

Thickness and texture of testa ; whether uniform in colour 
or not ; smooth, pitted, or reticulate. If hairs are present 
describe their length, texture, and arrangement. Mechanism 
for dispersal, e.g. awn of strophanthus. 

Perisperm. — Present or absent. ISfature of food reserves. 

Endosperm. — Present or absent. Nature of food reserves. 

Embryo. — Size and position, e.g. straight in strophanthus, 
curved in stramonium, folded in mustard. Size, shape, number, 
and venation of cotyledons. Size and shape of radicle. 

Odour and Taste. 

Important Seeds 

B.P., TJ.S.P. See p. 237, 

B.P., XJ.S.P. See p. 273. 

B.P., U.S.P. See p. 330. 

XJ.S.P. Seep. 386. 

B.P., U.S.P. See p. 412. 

B.P., U.S.P. See p. 546. 

B.P. See p. 555. 

Woods 

Although few drugs consist solely of wood no description 
of a stem or root is complete without an account of its wood. 
Wood consists of the secondary tissues produced by the 
cambium on its inner surface. The cells composing these 
tissues, the vessels, tracheids, wood fibres, and parenchyma, 
are not necessarily all lignified. In some cases, e.g. the wood 
of belladonna root (Fig. 200), non-lignified elements pre- 
dominate. The distribution of the lignified elements may be 
ascertained by treating smoothed transverse, radial, and 
tangential surfaces or sections with phloroglucinol and hydro- 
chloric acid. In trees the cells of the old wood frequently 
become coloured as they fill with waste products such as 


Colchicmn 
Cardamom 
Nutmeg . . 
Black Mustard 
Uinseed . . 
Nux Vomica 
Strophanthus 
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resins, tannins, and colouring matters. This central region is 
called the hearinvod, whilst the outer wood, which still retains 
its normal ap|)earaiice and functions, is called the sapwood. 
Coiiiinercial guaiaciiin wood and logwood consist of heart- 

wood. 

In transverse section woods usualh" show^ annual rings each 
of which normally represents a season's growth. In some 
tropical si>ecies the annual rings are not well marked owing 
to the absence of a seasonal interruption in growth. The 
so-called fulse annual rings found, for example, in quassia 
are irregular rings formed by alternating zones of wood 
parenchyma and fibres. The width and height of medullary 
ravs are of diagnostic importance in the case of Jamaica 
and Surinam quassias (p. 439) and rhubarbs (p. 310). The 
grain of w’ood is due primarily to the arrangement of the 
annual rings and medullary’ rays, but is modified by the 
wavy course of the wood elements, which causes the wood 
to split irregularly. Irregular splitting is largely dependent 
on the number of lateral branches which cause knots in 
the wood. 

Woods may be described under the following headings : — 

Size and Colour. — Kote am’ differentiation into sapwood 
and heart-wood. The latter may’' not be coloured uniformly, 
e.g. logw’ood. 

Specific Gravity. — Woods vary^ coiisiderabh^ in this respect, 
e,g. guaiacum has a S.G, of 1*33 and poplar one of 0-38. 

Hardness and Behaviour when Split. 

Transverse Surface. — ^The arrangement of the lignified 
elements may be markedly’’ radiate or they may be irregularly 
scattered. Xote distribution of wood fibres and wood paren- 
chy’ma, and of true and false annual rings. Measure the 
distance between medullary^ rays and between annual rings. 

IiongitTidinal Surfaces. — Measure height of medullary rays. 

Odour and Tasle. 


Important Wood 

Quassia . . . . B.P. See p. 438. 

Examples of the differences met with in wood structure may be seen 
in rhubarb (Fig. 98), aconite {Fig. 1x5), podophyllmn (Fig. 12 1) 
c^iimba (Fig. 123). quassia (Fig, 146), senega (Fig. 148), liquorice 
(Fig. 158). gentian (Fig. 191), jalap (Fig. 193), belladonna (Fig. 200), 
and ipecacuanha (Fig. 210). 



MORPHOLOGICAL CLASSIFICATION OF DRUGS 171 


Barks 

Barks, as understood in commerce, consist of all tissues 
outside the cambium. In botany the term '' bark’’ is some- 
times restricted to the outer bark,” i.e. the periderm and all 
tissues lying outside it. A young bark is composed of the 
following tissues : — 

(a) Epidermis, a layer of closely-fitting cuticularised cells 
with occasional stomata. 

(&) Primary Cortex, a zone usually consisting of chlorophyll- 
containing collench 3 ’’ma and parench^TOa. 

(c) Endodermis or inner la 3 "er of the cortex, which fre- 
quentU” contains starch. 

{d) Pericycle, which ma^^ be composed of parenchyma or 
of fibres. Groups of fibres often occur opposite each group of 
phloem. 

{c) Phloem , — This consists of sieve tubes, companion cells, 
and phloem parench^^ma separated by radially- arranged 
medullary lays. 

In commercial barks the above structures have been 
modified b^^ the activity of the cambium and the cork cambium 
or phellogen. Growth of the new tissues produced by the 
cambium causes the tissues of the primary bark to be tangen- 
tially stretched, compressed, or torn. As these cells are 
stretched tangentiaty they" may be divided by radial walls, 
e,g. in the medullary" ray"S. During this dilation groups of 
parenchy^matous cells in the cortex and phloem may be 
thickened into sclerenchymatous cells. The cambium produces 
secondary^' phloem, which often consists of alternating zones of 
soft bast and bast fibres. The pericycle is frequently ruptured 
and parenchymatous cells which grow into the spaces may 
develop into sclerenchyma. 

The cork cambium or phellogen may arise in the epidermis 
{e.g. willow), primary cortex, or pericycle. The phellogen 
produces on its outer side cork, and on its inner side chlorophyll- 
containing unsuberised cells which form the secondary cortex 
or phelloderm. These three layers are known as the periderm. 
If the cork cambium develops in or near the pericycle, a part 
or the whole of the primary cortex will he outside the cork 
and will be gradually thrown off. Lenticels replace stomata 
for purposes of gaseous exchange, and as the cork increases 
the amount of chlorophyll-containing tissue decreases. 

The natural curvature of the bark increases when the bark 
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is reiiioved from tlie tree and dried. I^arge pieces of trunk 
bark, especially if subjected to pressure, may be nearly" flat. 
Tenns used to'describe the cur\'ature are illustrated in Fig. 6i. 
Some coniinercial barks, c.g. cinnamon and quillaia, consist 
of the inner bark only. In quillaia the dark patches often 
found on the outer surface are known as rhytidome (literally, 
a wrinkle). This term is applied to plates of tissue formed in 
the inner bark. 



Fig. 6 1. —Barks. A. Diagram showing a typical arrangement of the tissues. 
I. outer surface frequently showing lichens lenticels, and remains of 
primary tissues cut off by the cork ; 2, cork ; 3, cork cambium or 

pheilc^eu ; 4, phelloderm or secondary cortex ; 5, periderm ; 6, inner 
part of primary cortex ; 7, groups of cortical sclerenchyma ; 8, endo- 
dermis ; 9, pericycle ; 10, primary phloem; ii, secondary phloem; 

12, cambium ; 13, hard bast; 14, soft bast ; 15, medullary rays. B-G-, 
Shapes of Barks : B, flat ; C, curved ; D, channelled ; E, single quill ; 
F, double quill ; G, compound quill. 

Barks may be described under the following headings : — 
Origin and Prepaxation. — From trunk, branches, ox roots. 
Whole bark or of inner part only. 

Size and Shape. 

Outer Surface. — Fichens, mosses, lenticels, cracks or 
furrows, colour before and after scraping, 
lunar Surface. — Colour, striations, furrows. 

Fracstone. — Short, fibrous, splintery, granular, etc. The 
fracture depends largely on the number and distribution of 
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stone cells and fibres. A bark freqtientl}" breaks with a short 
fracture in the outer part and a fibrous fracture in the phloem. 

Transverse Surface. — smoothed transverse surface, 
especialH^ if stained with phloroglucinol and hydrochloric acid, 
will usually show the general arrangement of the lignified 
elements, medullan" ra 3 'S, and cork. Sections, however, take 
little time to cut and are more satisfactory^. A microscopical 
examination for calcium oxalate can then be made. 

Odour and Taste. 


Important Barks 


Cinnamon (Ceylon) 
Cinnamon (Saigon) 
Cascara . . 
\/irginian Prime . , 
Quillaia . . 
Cinchona . . 


B.P. See p. 336. 

U.S.P. See p. 344. 

B.P., U.S.P. See p. 447. 
B.P., U.S.P. See p. 459. 
B.P. See p. 463. 

B.P., U.S.P. See p. 600. 


Subterranean Organs 

Under this heading it will be convenient to discuss : {a) 
stem structures such as corms, bulbs, stem-tubers, and 
rhizomes ; and {b) root structxures such as true and adventitious 
roots and root-tubers. It must be remembered that many 
drugs which are commonly spoken of as roots consist wholly 
or partly of rhizomes, e.g. rhubarb and gentian, and that 
in many cases the gradual transition from stem to root 
makes an accurate difi'erentiation of the two parts impossible. 

Monocotyledonous rhizomes can be distinguished from 
dicotyledonous rhizomes by the scattered arrangement of their 
vascular bundles. Stem structures may usually be dis- 
tinguished from roots by the fact that they bear buds and 
possess a well-marked pith. In underground organs chloro- 
phyll is absent, and starch, when present, is usually abundant 
and in the form of large grains of reserve starch. If the drug 
has been too strongly heated the starch may be gelatinised. 

The following scheme may be used with suitable modifica- 
tions for the description of most subterranean organs : — 

Morphological Hature. — Rhizome, root, etc. 

Con^tioix. — ^Fresh or dry ; whole or sliced ; peeled or 
unpeeled. 

Subaerial Stems. — Remains of subaerial stems occur in 
aconite, serpentary, etc. Note their number, leaf remains, 
and whether present in sufihcient amount to constitute an 
adulteration. 
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Subterranean Stems : 1. Size and Shape. 

2. Birection of Gro^h and Branching. 

3. Surface Characters. — Colour, stem scars, buds, cata- 
pliyllary leaves, roots or root scars, lenticels, cracks, wrinkles, 
surface crystals, evidence of insect attack, peeling, etc. 

4. Fracture and Texture. — Flexible, brittle, hard, horny, 
mealy, splinter\’, etc. 

5. Transverse Section. — Colour (cf. male fern) ; distribution 
of ligiiified and secretoiy^ elements, e.g. in ginger ; relative sizes 
of bark, wood, and pith. Note an3" abnormalities such as the 
star spots and absence of a lignin reaction in rhubarb. 

Boots : 1. Kind. — True, i.e. developed from the radicle or 
its branches, or adventitious. 

2. Size and Shape. — Tuberous, conical, C3dindrical, etc. 

3. Surface Characters. — Colour ; cracks, wrinkles, annula- 
tions, lenticels, etc. 

4. Fracture and Texture. 

5. Transverse Section. — Xote absence of pith, whether the 
wood is markedly radiate or not, and any abnormalities such 
as are found in jalap and senega. 

Food Eeserves and Chenaical Tests. 

Odour and Taste. 

Ixuportant Subterranean Organs 

As mentioned above, a complete difierentation of underground 
organs into stem and root structures is not practicable. The following 
grouping, although somewhat arbitrary, may be useful ; — 

A. Corm, Bulb, or Ehizome 

Colchicmn Corm . . B.P. See p. 236. 

Squill Bulb . . . . B.P., U.S.P. See p. 249. 

Ginger Rhizome . . B.P., tJ-S-P. See p. 265. 

B. Bhizome aud Roots 

Male Fem . . . . B.P., U.S.P. See p. 195. 

Veratnrm . . . . U.S.P. See p. 232. 

Serpentary . . . . B.P., U.S.P. See p. 308. 

Rhubarb B.P., U.S.P. See p. 310. 

Podophyllum . . . . B.P., U.S.P. See p. 362. 

Indian Podophyllum . , B.P. See p. 365. 

hiquorice . . . . B.P., U.S.P. See p. 470. 

Gentian . . . . . . B.P., U.S.P. See p. 55 1. 

Ipecacuanha , , . . B.P., U.S.P. See p. 609. 

Valerian B.P., U.S.P. See p. 622. 
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C. Roots 

U-S,P. See p. 253. 

. . B.P., U.S.P. See p. 348 

B.P. See p. 367. 

U.S.P. See p. 399. 

B.P. See p. 443. 

B.P. See p. 505. 

B.P. See p. 560. 

B.P. See p. 563. 

. . B.P., U.S.P. See p. 584. 


Unorganised Drugs 

In Chapter III many of the types of unorganised drugs are 
discussed, namely, fixed oils, fats, and waxes (pp. 33— 41) ; 
volatile oils (pp. 41-43) ; resins, oleo-resins, oleo-gum-resins, 
balsams, and gums (pp. 43-44). To these must be added 
dried juices {e.g. aloes), latices {e,g. opium), and extracts (e.g. 
agar and catechu) . The following scheme may be used : — . 

PhS^ical State. — Solid, semi-solid, or liquid. 

A. If Solid : (a) Size and Form. — ^Tears, lumps, etc., and 
their approximate size and weight. 

(b) Packing. — Paper, sMns, leaves, etc. 

(e) External Appearance. — Colour ; shiny or dusty ; opaque 
or translucent ; presence of vegetable fragments. 

(d) Hardness and rracture. — Conchoidal, porous, etc. 

(e) Solubility in water and organic solvents. 

(f) Vegetable Debris, if any, remaining insoluble, e.g. in 
myrrh and asafetida. 

(g) Effect of Heat. — Does substance melt, char, sublime, or 
burn without leaving appreciable ash. 

(h) Microscopical Appearance of powder, sublimate {e.g. 
balsams), or insoluble matter (e.g. opium and cateclin). 

B. If Liquid : (a) Colour and Fluorescence. See Chapter XXV. 

(b) Viscosity. 

(c) Density. 

(d) Solubility, e.g. of balsam of Peru in a solution of chloral 
hydrate. Also the behaviour of the solution, e.g. of copaiba 
in petroleum spirit, on the further addition of solvent. 

Odour and Taste. 

Chemical Tests, 


SarsapariLUa 
Aconite . . 
Calumba . . 
Althaea 
Senega 
Krameria 
I alap 

Ipomoea . . 
Belladonna 
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Important Unorganised Drugs 


A. Fixed Oils 

Castor Oil 


. . B.P., U.S.P. 

See pp. 38 




and 406. 



Olive Oil 


. . B.P., U.S.P. 

Seep. 543. 


Cod Eiver Oil 

. . B.P., U.S.P. 

Seep. 655. 

B- Fats and Waxes 

Beeswax 


. . B.P., U.S.P. 

See p. 649. 


Spermaceti 


. . U.S.P. See 

p. 659. 


Eard 


. . B.P., U.S.P. 

See p. 660. 


Wool Fat . 


. . B.P., U.S.P. 

See p. 661. 

C. Volatile Oils 

Oil of Cade . 


. . B.P., U.S.P. 

See p. 218. 


Oil of Cloves 

. . B.P., U.S.P. 

See pp. 41 




and 514. 


D. Resin 

Colophony . 


. . B.P., U.S.P. 

See p. 205. 

E. Oleo-Resin 

Copaiba 


. . B.P., U.S.P. 

See p. 506. 

F. Oleo-Onm-Resins 

Myrrh 


. . B.P., U.S.P. 

See p. 440. 


Asafetida . 


. . B.P., U.S.P- 

See p. 531* 

Gr. Balsams . . 

Stvrax 


. . B.P., U.S.P. 

See p. 455. 


Balsam of Tolu 

. . B.P.. U.S.P. 

See p. 480. 


Balsam of Peru 

. . B.P., U.S.P. 

See p. 482. 


Benzoin 


. . B.P., U.S.P. 

See p. 539. 

H. Gums . . 

Tragacanth . 


. . B.P., U.S.P. 

See p. 484. 


Acacia 


. . B.P., U.S.P. 

See p. 491. 

1 . Extracts . . 

Agar 


. . B.P., U.S.P. 

See p. 182. 


Catechu 


B.P. See p. 

615. 


Gelatin 


. . B.P., U.S.P. 

See p. 662. 

J. Dried Latex 

Opium 


. - B.P., U.S.P. 

See p. 373. 

K- Dried Juices 

Aloes 


. . B.P., U.S.P. 

See p. 238. 


Kino 


. . U.S.P. See ] 

?• 47 ^* 

L. Saccharine Sub- 





stance . . 

Honey 


. . B.P., U.S.P. 

See p. 648. 

M. Tar 

Wood Tar . 


. . B.P., U.S.P. 

See p. 208. 

Miscellaneous Vegetable Products 


Ergot . . 


B.P., U.S.P. See p. 187. 

Lycx)podiiiiu 


U.S.P. See p. 199. 


Maize Starch 


B.P.. 

U.S.P. See p. 89. 

Galls 


U.S.P. See p. 292, 


Camphor. . 


B.P., 

U.S.P. See p. 346. 

Cotton 


S., U.S.P. See p. I2 q. 


Chrysarohin 


B.P., 

U.S.P. See p. 479. 



CHAPTER XIV 


THE BOTANICAL CLASSIFICATION OF DRUGS 

Botanical Systems of Classifications. — Before the widespread 
acceptance of the principle of evolution, biologists, being con- 
vinced of the fixity of species and lacking much of the informa- 
tion we now possess, confined themselves to more or less 
artificial methods of classification, their systems being fre- 
quently based on one or a few characters instead of upon the 
organism as a whole. The system of Bentham and Hooker, 
elaborated in the Genera Plantanm (1862-1883), is largely 
artificial, but, as natural s^'stems are being continually altered 
and improved as knowdedge increases, it has been found con- 
venient to retain this system as a basis in such works as the 
British Flora, and for museum collection such as the herbaria 
of Kew and the British Museum. 

Of the more strictly phylogenetic systems may be men- 
tioned that of Engler and Prantl used in Die naturliche PJian- 
zenfamilien, and that of Hutchinson.* The arrangement of 
the families of flowering plants used in the present book is 
that of Rendle,f and is described by him as “ a conservative 
one, following in the main that of Engler but without claiming 
to be strictly phylogenetic."' 

SubdiTisians of the Phyla. — ^The branches of the genea- 
logical tree differ so much in size that it is not easy to decide 
which are of equal systematic importance and what one 
biologist may consider as a family { another may regard as 
a subfamily. Similarly, the species of one botanist may be 

* See The Families 0/ Flowering Plants, i, "Dicotyledons” (1926); 
2, “ Monocotyledons ” (1934). 

f The Classification of Flowering Plants. Vol. i, Gymnosperms and Mono- 
cotyledons (1930) ; Vol. 2, Dicotyledons (1925). The introductions of the above 
works contain historical and comparative accounts of plant classification, 
and should be read hy the more advanced student. 

} According to the rules of botanical nomenclature agreed upon hy the 
Vienna Congress in 1905, the term " family is now used in place of “ natural 
order.” 
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the subspecies or varietv of another * The main subdivisions 
of a phylum may be illustrated by the following example 
showing 'the systematic position of peppermint 


Phylum , . 

Siihphylum 

Grade 

Order 

Suborder 

Family . - 

Subfamily 

Tribe 

Genus 

Species . . 

Varieties 


Angiospermae- 

Dicotyledons. 

Sympetalse. 

Tubiflorse. 

Verbenineae. 

Dabiatae. 

Stacbydoideae. 

Satureieae. 

Mentha. 

Mentha piperita, Dinnaeus f (Pepper- 
mint). 

Mentha piperita var. officinalis Sole f 
(Wlaite Peppermint). 

Mentha piperita var. vulgaria Sole f 
(Black Peppermint). 


Biological Nomendatore. — Before the tirne of Dinn^ns 
many plants were known by a double Datin title, but it is to 
this great Swedish biologist that we owe the general adoption 
of the present binomial system. In this system the first name, 
which is always spelt with a capital letter, denotes the genus, 
whilst the second name denotes the species. Specific names 
are as a rule written with a small initial letter unless they are 
the name of a person or were formerly used as the name of a 
genus. ^Examples : Capsicum minimum, Hydrastis canadensis, 

* Hiatehinson, The Families of Flowering Plants. Vol. i, p. 5 : A great 

divergence of opinio’n is evident in the two principal systems of classification in 
regard to the delimitation of families. Thus the number of families of flowering 
plants, including the Gymnosperms, in the Genera Plantarum is 200, in 
the pkanzenfamilien 2S0, whilst the number is further increased in Engler 
and Gilg’s Syllabus. There is much to he said in favour of reducing the size 
of famiSes whenever reasonably possible, and I am in favour of going slightly 
fiirther even than Engler.’* . . . “On the other hand, I should consider it going 
too far to divide the Composite into the A steracecs, VernoniacecB. EupatoriaceeB, 
etc., whilst the wisdom of separating the Eosacecs into several families is 
rather doubtful. If more than one family be reco^ised in Rosace eB, then 
at least ten will have to be segregated. I am not in favour of this undue 
multiplication. All this goes to prove that the delimitation of families, of 
genera., and of species is sometimes very much a matter of taste and personal 
idi«53mcrasy. 1 should also add of judgment and experience ! ** 

f These names refer to the botanists who described and named the species 
c«r variety- In the following pages they are frequently omitted except in 
where diferent names have been used for the same plant by different 
wCKTkers and there is possibility of confusion. 
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and Cannabis sativa. On the other hand Cinchona Ledgeriana, 
since the species is named after Charles Ledger, who in 1865 
brought seeds of this plant from Brazil, while Urginea Scilla 
Steinheil has a capital S hecanse the former name of the 
plant was Scilla maritima Linnsens. 

The specific name is usually chosen to indicate some 
striking characteristic of the plant, e.g. the hemlock with the 
spotted stem is named Conium maculatum {maculatus, a, um, 
spotted) . Sometimes the reason for the name is not so obvious 
as in the example just mentioned, but once it is discovered 
it will serve as a reminder of a characteristic of the plant, 
e,g. Strychnos potatorum (potator, oris, a drinker) bears a 
name which is only intelligible when it is known that the 
seeds of this species are used in India for clearing water. A 
glossary of words used in specific names will be found on 
p. 716. 

Characters of Important Phyla. — Phylum Thallophyta. — 

The Thallophyta includes the Algae, Fungi, and Lichens. 
The plant body is not differentiated into root, stem, and leaves. 
The Algse contain chlorophyll and frequently other pigments, 
and are mainly aquatic. The Fungi are without chlorophyll and 
live as parasites or saprophytes. Lichens are dual organisms 
consisting of an alga and a fungus living in intimate relation- 
ship. Bacteria also belong to the Thallophyta, but they differ 
so much from other plants and are of such importance that 
they should be made the subject of separate study. For drugs 
derived from this phylum see Chapter XV. 

Phylum PteridophytaM — This phylum includes the Fificinese 
(ferns), Fquisetinese (horsetails), and Lycopodineae (club- 
mosses) - These plants show an alternation of generations, the 
sporophyte generation being the larger. Very few members 
are of medicinal importance. For drugs derived from this 
phylum see Chapter XVI. 

Phylum Gbnmnospermse. — ^A phylum with many fossil 
members. Of the six orders, Cordaitales, Cycadales, Bennet- 
titales, Ginkgoales, Coniferales (Coniferse), and Gnetales, only 
the last two are of medicinal interest. The pollen sacs and 
ovules are home on sporophylls on different shoots. The 
ovules differ from those of the Angiosperms in that they are 
not enclosed in a chamber or ovary, but lie on the surface of 
the sporophylls. A perianth is absent except in the Gnetaceae. 
The seeds usually contain one mature embryo with two or 
more cotyledons embedded in endosperm. The wood is com- 
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posed, largely of tracheids, vessels being absent. The leaves 
usually persist for more than one season. Yor drugs derived 
from members of this phylum see Chapter XYII. 

Pliyluni Angiospermse. — ^This ph^dum includes all the 
plants usually known as flowering plants, and is by far the 
most important phAduni from the point of view of the pharma- 
cist. The sporop”h3’lls (stamens and carpels) are usually 
arranged with other leaves (the perianth) to form a '' flower.'' 
The ovules are enclosed in a chamber formed from the carpels, 
and a stigma is provided for the reception and germination of 
the pollen. The embiy^o has one or two cotyledons. The 
wood almost invariably contains true vessels. The phylum 
is divided into : 

Subphylum l. Monocotyledons. — Embryo with one cotyle- 
don. Includes many herbs with parallel- veined leaves, and a 
stele of scattered, closed vascular bundles. Flowers usually 
trimerous. Drugs derived from members of this subphylum 
are dealt with in Chapter XVIII. 

Subphylum 2. IHcotyledons. — ^Embryo with two coty- 
ledons. Includes herbs, shrubs, and trees. Eeaves reticulately- 
veined. vStems usually with a ring of open vascular bundles. 
Flowers usually pentamerous or tetramerous. The subphylum 
is divided into three grades * according to floral structure : 

Grade A. Monochlamydeae. — Perianth absent or, if present, 
gemerally undifferentiated. Flowers often unisexual, e,g. 
Saiicace£F. Drugs derived from members of this grade 
are dealt with in Chapter XIX. 

Grade B. DialypetalaB. — Perianth differentiated into sepals 
and petals. Petals free. Flowers generally herma- 
phrodite, e.g. Ranu?iculacecB, Cruciferce, RosacecB, Legu- 
miinoscB, and UmbellifercB. Bmgs derived from members 
of this grade are dealt with in Chapter XX. 

Grade C. Sympetalae. — Perianth diflerentiated into sepals 
and petals. Petals more or less fused. Flowers generally 
hermaphrodite, e.g. Labiaice, Solanacece, Scrophula- 
riacea, and Composites. Drugs derived from members 
of this grade are dealt with in Chapter XXI. 

*•* Altenaarively dicotyledons may be grouped into two divisions : 

1. ArckicMamydeis, which includes both Grade A and Grade B above 

2. Meiachlamydem, the same as Grade C above. 
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Phylum THALLOPHYTA 
Order PHiEOPHYCE^E (BROWN ALG^E) 

Family FUCACEffi 
FUCUS VESICULOSUS 

Bladderwmck ; F. Varech vedculmx ; G. Blasentang 

Source and Collection. — Bladderwrack, Fucus msiculosus, is a 
brown alga of common occurrence on the shores of the Atlantic. 
This and other species of Fucus, Laminaria, and Ascofhyllmn, 
when dried and burnt, 3deld kelp or varec, at one time the 
sole source of iodine. Bladderwrack found on the shore, 
although used for kelp manufacture, should not be used 
medicinally as it may have lost some of its constituents, and 
it is therefore advisable that the algae be collected from the 
rocks at low tide and immediately dried. 

Characters. — ^The drug consists of thin, more or less broken, 
thalli from 20 to 100 cm. long and about 2 cm. wide. The 
margin is entire (distinction from Fucus serratus). The air 
vesicles are oval, up to 2 cm. in length, and usually arranged 
in pairs (distinction from Ascophyllum nodosum, which has 
unpaired air-vesicles, and from Fucus serratus, which has 
none). Some of the branches have terminal enlargements 
owing to the presence of conceptacles containing either 
antheridia or oogonia. The discoid holdfast frequently 
remains attached to the rock. During drying the natural 
olive-green colour changes to almost black and the plant 
becomes hard and brittle. The dried drug has a faint odour 
of seaweed and an unpleasant, somewhat saline taste. 

Constituents. — Bladderwrack contains two gum-like sub- 
stances, algin (alginic acid) and fucoidin, also mannitol, sugars, 
iodine in organic combination, and halogen salts. 
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According to Kylin,* algin and fticoidin are found in the 
cell wall of F, vesicidosiis, Ascophyllum nodosum, and Laminaria 
digitaia, Algin is a white substance, insoluble in water but 
soluble in i per cent, sodium carbonate solution, forming a 
veiy viscous solution w'Mch has numerous commercial uses, f 
It lias been used, for example, as a substitute for tragacanth 
in certain types of preparation. Both algin and fucoidin give 
a pentose reaction with phloroglucinol-HCl, and the pentose, 
arabinose, has been detected after hydrolysis. 

The iodine content of bladderwrack is lower than those 
of other brown algse, the analyses of Henrick J showing 
Fucus vestculosus 0-04 per cent., F. serratus 0-05 per cent., 
Ascophyllum nodosum 0*09 per cent.. Laminaria digitaia fronds 
0*38 per cent., and Laminaria digitata stems 0*54 per cent, of 
iodine. Diy bladderwrack also gave i6-o8 per cent, of soluble 
^h, 3-30 per cent, of insoluble ash, and 3*44 per cent, of total 
halogen (calculated as chlorine). 

— Bladderwrack preparations have been used to 
reduce obesity, but their value is doubtful. Compounds of 
iron and other elements with algin were described by Stanford § 
under the name of Alginoids.'' 

Order RHODOPHYCEAE (RED ALGJR) 

Family GrRTJDIACE3E 
AGAR-AGAR 

Agar, B.P. ; Japanese Isinglass ; F. and G. Agar-agar 

Source. — Official agar is a dried, gelatinous substance pre- 
pared from Gelidium corneum (Huds.) Famonroux, G. cartilagi- 
neum (Finn.) Gaill., and other allied red algse. J apan, the main 
source of supply, produces about 1,500,000 kilograms annually, 
of which some 75 per cent, is exported. In other parts of the 
world agars resembling the Japanese product are prepared 
from (HjBFerent red algae, e,g. Ceylon agar from Gracilaria 
lichenoides Greville, and Macassar agar from Eucheuma spino- 
swm Agardh. Within recent years an agar closely resembling 
the Japanese product has been made in Southern California. 

* Kylin, see abstract Y. B. Pkarm., 1913, 209. 

t Gloess, see abstract Y, B, Bharm., 1920, 138. 

I Henrick, J. Board Agric., 1916, 22 , 1095. 

§ Stanford, y. B. Pharm., 1898, 364. 
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CoUectioii and Preparation. — On the Japanese coast the 
algae are largely cultivated in special areas, poles being planted 
in the sea to form supports on which they develop. From 
time to time the poles are withdrawn and the algse stripped 
off. Some is also collected from small boats by means of rakes 
or shovels, or even by diving. The algae are taken ashore and 
dried ; beaten and shaken to remove sand and shells ; and 
bleached by watering and exposure to sunlight, the washing 
also serving to remove salt. They are then boiled with slightly 
acidulated water for several hours (about i part of dry algae 
lo 55 or 6o parts of water), and the mucilaginous decoction 
filtered, whilst hot, through Hnen. On cooling a jelly is pro- 
duced which is cut into bars, these being afterwards forced 
through wire netting to form strips. The manufacture of 
agar only takes place in the winter (ISTovember to February), 
and moisture is removed by successively freezing, thawing, and 
diying at about 35 ° . The algae are collected from May to October. 

Characters. — ^Agar occurs in three forms : — (i) bundles of 
somewhat agglutinated, translucent, yellowish-white strips, 
these being about the thickness of leaf gelatin, 4 mm. wide, 
and about 60 cm. long ; (ii) flattened yellowish bands about 
4 cm. wide and 30 cm. long ; (iii) coarse powder or flakes. 
'' Strip is the usual form, and drug market reports always 
contain a statement such as : No. i Kobe strip . . . per lb.. 

No. 2 . . . per lb/’ 

Agar swells in cold water but does not dissolve. A i per 
cent, solution may be made by boiling, and a stiff jelly separates 
from this on cooling. A nearly boihng 0*2 per cent, solution 
gives no precipitate with an aqueous solution of tannic acid (dis- 
tinction from gelatin). Agar also differs from gelatin in that 
it contains no nitrogen and it therefore gives no ammonia 
when heated with soda lime. Absence of starch may be proved 
by adding solution of iodine to a cooled decoction, or by mount- 
ing powdered agar in solution of chloral hydrate with iodine. 
If agar be ashed and the residue, after treatment with dilute 
hydrochloric acid, examined microscopically the silica skeletons 
of diatoms and sponge spicules will be found. More perfect 
diatoms can often be isolated by centrifuging a 5 per cent, 
solution for thirty minutes. The large discoid diatom A rachnoi- 
discus Ehrenhergii Baill., which is about o*i to 0*3 mm. in 
diameter, species of Grammatophora, Cocconeis, and sponge 
spicules are readily discernible in the ash of Japanese agar 
(see Fig. 62). 
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Constituents. — ^The cidef constittient of agar is a calcium 
salt of an acid siilpliuric ester of similar nature to that found 
ill carrageen b\’ Haas.’®' According to Fairbrother and Mastin *f 
a simple agar solution contains calcium ions and no sulphate 
ions, but after hydrolysis with dilute hydrochloric acid both 



Fig. 62. — Diatoms and sponge spicules from agar. A, A rachnoi discus 
Ekrenbtrgii ; B, species of Grammatophora ; C, Campyloneis ; D, 
Cocconeis ; E, Navicuia ’ F, sponge spicules, (A after a photomicro- 
graph by Ward, remainder after Thoms.) 

calcium and sulphate ions are present. Hydrolysis may be 
represented by the equation : 

(F.0.S02.0)2Ca~h2HCl;±2R.0.S02.0H+CaCl2, 

the calcium salt and the free acid sulphuric ester being ionised 
to some extent. According to these workers the chief carbo- 
hydrate farmed by hydrolysis is ^^-galactose. Other hexoses, 
and pentoses are found in smaller amounts. As hydrolysis 
proceeds the power of gelatinisation is lost. Commercial agar 
contains a small amount of water (Japanese Pharmacopoeia 
not more than 1*5 per cent.), and yields about 3 to 4-5 per 
cent, of ash (B.P. not more than 5 per cent.). 

* Haas, Biackem. J., 1921, XV, 469. 

t Fairbrother and Mastin, Trans. Chem. Soc., 1923, 1412, 
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Uses.- — ^Agar is used in the preparation of culture media, 
as an emulsif3dng agent, and in the treatment of chronic 
constipation. 


I^amib- GldABTINACE^ 

CHONDRUS CRISPUS 

Carrageen ; Irish Moss ; F. Goemon, Mousse d’ I rlande, Mousse 
perlee ; G. Knorpeltang, Irldndisches Moos, Perlmoos 

Source. — Carrageen, Chondrus crispus, is a red alga common 
on the shores of the ISTorth Atlantic. Commercial supplies are 
derived from the north and north-west coast of Ireland, Sligo 
being an important centre ; from Brittany ; and from the 
Massachusetts coast south of Boston (Cape Cod Bay). 

History. — ^The name carrageen or carraigeen means in 
Irish moss of the rock. The drug was introduced into medicine 
by Todhunter at Dublin in 1831. It is included in most 
pharmacopoeias, but not in that of Britain. 

Collection and Preparation. — ^The algae grow on rocks just 
below low- water mark, being covered by about 15 or 20 feet 
of water at high tide. In Ireland collection takes place during 
the autumn, in America during the summer. The collectors 
put out in small boats at about half -tide and after detaching 
a load of algse from the rocks by means of long rakes, return 
with them at half -flood. Carrageen is bleached by spreading 
it on the shore and submitting it for some weeks to the action 
of sun and dew with about four or five soakings in sea- water 
at suitable intervals. Chemicals such as sulphur dioxide are 
also said to be used.* After drying in sheds the drug is packed 
in bales each weighing about 50, 100, 200, or 300 kilograms. 

Characters. — Chondrus when fresh varies in colour from 
purplish-red to purplish-brown, but the bleached drug is 
yellowish- white, translucent, and homy. It consists of com- 
plete, dichotomously branched thalli about 5 to 15 cm. long 
and of very variable form, some thalli having broad fan-like 
segments, others having ribbon-like ones. Many samples of 
Chondms contain large quantities of the related alga Gigartina 
mamillosa, the mixture being officially sanctioned in many 
pharmacopoeias. In some districts, e.g. south of B oston, almost 
pure Chondrus crispus may be collected whilst in others, e.g. 

* See paper by Lawall and Harrison, J. Amer. JPharm. Ass., 1932, 1150. 
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north of Boston, it is almost invariably closely associated with 
Gigariina mamillosa. These algse may be distinguished from 
one another by the form of their large compound cystocarps, 
which contain” carpospores. Chondrus has oval cystocarps 
about 2 Him. long which are sunk in the thallus, while Gigartina 
nmmiUosa has peg-like ones about 2 to 5 mm. long, as also has 
Gigariina pisiillaia. The latter species is rare round the coast 
of Britain, and its presence would indicate a drug of French 
origin. 

Chondrus is sometimes covered with calcareous matter 
which efferv’esces with hi^drochloric acid. The drug has a slight 
odour, and a mucilaginous and saline taste. 

Chondrus swells in cold water, about 47 per cent, slowly 
dissolving, w’hilst on boiling about 75 per cent, passes into 
solution. A 5 per cent, decoction forms a jelly on cooling. A 
cooled 0*3 per cent, solution gives no precipitate with solution 
of tannic acid (distinction from gelatin), and gives no blue 
colour with iodine (distinction from Iceland moss and absence 
of starch). 

Constituents. — Chondrus contains a gum-like substance, 
carrageenin, w^hich, according to Sebor (1900) yields on hydro- 
lysis galactose, glucose, fructose, and salts of snlphuric acid. 
Haas (1921) found that boiling water extracted from 70 per 
cent, to 75 per cent, of two colloidal, carbohydrate-yielding 
complexes which correspond to the formula R(0.S02.0)2Ca. 
As there is no free sulphate ion the solution gives no pre- 
cipitate with barium chloride, but after hydrolysis a precipitate 
is given with this reagent, and the hydrolysis therefore resembles 
that of agar. 

R{ 0 .SO 2 . 0 ) 2 Ca+ 2 H 20 =R(OH) 2 +CaS 04 +Il 2 S 04 

The drug also contains about 7 per cent, of proteins and yields 
from 8 to 15 per cent, of ash containing traces of iodine. 

IJses. — Chondrus is used as an emulsifying agent for cod- 
liver oil and other oils. It has demulcent and nutritive pro- 
prties, and although it is not easily digested by invalids, it 
is used in Ireland as food for pigs and calves. It has various 
technical uses as a substitute for acacia gums. 
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Order ASCOMYCETES 
Family HYPOCREACE^ 

ERGOTA 

Ergota, B,P. ; Secale Cornutum I. A.; Ergot; F. Ergot de 
Seigle ; G. M utter korn 

Source. — Official ergot is tFe sclerotium of a fungus, Clavi- 
ceps purpurea Tulasne, arising in tlie ovary of tiie rye, Secale 
cereale. Ergot is produced in Spain (in tlie provinces of 
Galicia and Eeon), in Portugal, in the U.S.S.R. (Tomsk, Omsk, 
and Viatka), Austria, Hungary, Czecho-Slovakia, Germany, 
and Scandinavia. 

History. — ^There is considerable doubt as to wkether ergot 
and ergotism were known to the ancients, and it is impossible 
to say if the “ ignis sacer of the Romans referred to ergotism. 
The outbreaks of ignis St. Antonii,” or St. Antony's fire, 
which occurred during the Middle Ages do, however, appear 
to have been of ergot origin. Undoubted outbreaks of ergotism 
occurred in Germany in 1581, 1587, and 1596, and at intervals 
in Europe tmtil 1 777. Ergotism was never common in England, 
probably owing to the fact that rye is little grown, and the 
only serious outbreak recorded, which took place in 1762, was 
caused by wheat. 

The obstetric use of ergot was known in the sixteenth 
century, but the drug was not widely employed until the 
nineteenth century. It was first introduced into the Eondon 
Pharmacopoeia of 1836. It is now included in the pharma- 
copoeias of all countries. 

The fungoid origin of ergot was recognised by Miinchhausen 
in 1764, while the life history of the fungus was worked out 
and the name Claviceps purpurea given to it by Tulasne in 
1853. 

Life History and Collection. — ^The fungus Claviceps pur- 
purea and other species such as C, microcephala Wallr., C. 
nigricans Tul., and C. Paspali produce ergots on many mem- 
bers of the Graminacese (including the genera Triticum, Avena, 
Festuca, Poa, Eolium, Molinta, and Nardus) and Cyperacese 
(including the genera Scirpus and Amfelodesma) . Many of 
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these ergots appear to be extremely toxic and to produce 
topical ergotism. 

In the case of the rye, the plant becomes infected in the 
spring or earh” summer b^-' the ascospores of the fungus. 
These are carried by the wind or by insects to the base of the 
young ovaiy- where in damp weather they find sufficient 
moisture to germinate, forming filamentous hyphae which 
enter the wall of the ovaip by enz^-^me action and form a soft, 
white mass over its surface. During this stage the sphacelia' 
as the white mass is called, produces a yellowish saccharine 
secretion, “ honeydew,” which rvill reduce Fehhng’s solution. 
At the same time chains of small oval conidiospores are 
abstricted from the ends of some of the hyphse. The honeydew 
attracts ants, weevils, and other insects,* which carry the 
conidiospores to other plants and so spread the disease. 

During the sphacelia stage the hyphse only penetrate the 
outer part of the ovar\', but as development proceeds they 
j^netrate deeper and deeper, feeding on the ovarian tissue, and 
finally replacing it a compact tissue (pseudoparenchyma), 
w’Mch forms the sclerotium or resting stage of the fungus! 
The sclerotium increases in size during the summer and pro- 
jects, bearing the sphacelial remains at its apex, from the ear 
of the r>’e. 

The number and size of the ergots produced on each spike 
of cereal by Claviceps purpurea varies, usnally bearing a 
considerable number of sclerotia, while wheat bears very few. 
Ergot is either collected by hand or separated from the rye 
by special macMnes, that which is collected before the rye 
harvest being said to be the more active. 

Any ergot which is not collected falls to the ground and 
in the following spring puts out a number of stalked projections 
known as stromata {Fig. 63, K). These have globular heads 
in the surface of which are a large number of flask-shaped 
pockets called peritbecia. Each perithecium contains several 
sacs or asci, each of which contains eight of the tbread-Hke 
ascospores wHch, as previously mentioned, infect the young 
ly^e Ovanes in the spring. 

Ergots wm usually germinate in soil if they are exposed 
to frost. The ascospores obtained may be germinated on 
nutritive gelatin and large quantities of conidiospore-bearing 


* Mercm (19^^) observed Claviceps conidia being disseminated bv tbe 
fnngns-gnat, S^ara thorns. It may be noted that f me™r of the 
genus, 60am prcBcox, causes serious damage to artificially reared mushrooms. 
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cultures obtained. A suspension of conidiospores may be used 
as a spray to infect rye plants. 

Macroscopical Characters. — ^The drug consists almost entirely 
of sclerotia, the amount of other organic matter being 
oiticially limited to not more than 2 per cent- Kach sclerotium 







r 




Fig. 63. — Ergot. A, ergot of rye ; B, ergot of wheat ; C, ergot of diss ; 
D, traasverse section of sclerotium ; E, sclerotium with stromata ; 
F, longitudinal section of fructification showing perithecia ; G, ascus 
with eiglit filiform sjKjres ; H, a ruptured ascus wdth escaping ascospores ,* 
I, a single ascospore. r, oil ; 2, perithecium. (B and C after Herail, 
D after Gilg, E to I after Tul^ne.) 
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is about I -5 to 4 cm. long and from 2 to 7 mm. broad ; fusiform 
in shape and usually slightly curved (cf. ergot of diss below). 
TThe outer surface, which is of a dark, violet-black colour, is 
often longitudinally furrowed and may bear small transverse 
cracks. Ergot breaks with a short fracture and shows within 
the thin, dark, outer layer a whitish or pinkish central zone of 
pseudoparenchyma in which darker lines radiating from the 
centre may be \dsible. Ergot has a characteristic odour and 
an unpleasant taste. 

Pow^dered ergot when treated with sodium hydroxide 
solution develops a strong odour of trimethylamine. In 
filtered ultra-violet light it has a strong reddish colour by means 
of w'hich its presence in flour may be detected. 

IGcroscopical Characters. — ^Under the microscope ergot 
shows an outer zone of purplish-brown, rectangular cells, 
which are often more or less obliterated. The pseudoparen- 
chyma consists of oval or rounded cells containing fixed oil 
and protein, and possessing highly-refractive walls which give 
a reaction for chitin (p. 119). Cellulose and lignin are absent. 
For powder, see p. 98. 

Storage. — Ergot is particularly liable to injury by insects, 
moulds and bacteria. After collection it should be thoroughly 
dried, kept entire, and stored in a cool, dry place. If powdered 
and not immediately defatted the activity decreases, but if 
defatted and carefully stored in an air-tight container it will 
remain active for a long period. Any sample of ergot which 
shows w’oxm holes or a considerable amount of insect debris 
win almost certainly deteriorate further on keeping. 

CSonstituents. — During the last few years great advances 
have b^n made in our knowledge of the constituents of ergot. 
The chief constituents are alkaloids. The chief active alkaloids 
are ergotoxine (isolated in 1906 independently by Barger and 
Carr and by Kraft), ergotamine (isolated in 1920 by Spiro 
and Stoll) and ergometrine (isolated in 1935 by Dudley and 
Moir). Ergotamine may or may not be present in the official 
ergot of rye, hut has been isolated from ergots grown on fescue 
grass. 

These three active alkaloids are easily converted into closely 
related but physiologically inert alkaloids, which are also 
present in the drag. It has now been shown that all six 
alkaloids are derivatives of lysergic acid which they yield when 
suitebly oxidised. Brgine, Ci^HajONs, the amide of lysergic 
acid, IS obtained from all but ergometrine and ergometrinine 
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on treatment with alcoholic potash. These relationships may 
be summarised as follows : — 


Active Alkaloids 


Ergotoxine 


Ergotamine 


Ergometrine 

Ci,H,30,N3 


Inactive Alkaloids 
Ergotinine 


Ergotaminine 


Ergometrinme 


Components 

as.”*"}*®*' 

Proline 

Phenylalanine 
isobiitylforroic acid. 

Proline ? 

Phenylalanine 
Pyruvic acid 
Lysergic acid 
^-atninopropyl alcohol 
(h3^droxyi5cpropylamine) 


Among the lesser important constituents of ergot may be 
mentioned histamine, tyramine and other amines and amino 
acids, acetylcholine ; colouring matters ; sterols (ergosterol 
and fungisterol) , and about 30 per cent, of fat. The cell walls 
are chitinous. 

Varieties. — Spanish and Portnguese ergots are usually of 
good appearance and high activity, and are generally preferred. 
The so-called Russian and Polish ergots are usually more 
variable, many samples being of small size, while the alkaloidal 
value is often low. Hrgot is assayed colorimetrically, the 
alkaloids giving a blue colour with a solution of dimethyl- 
aminobenzaldehyde. This colour is compared with that 
produced with a standard solution of ergotoxine ethane- 
sulphonate. 

Substitutes . — Ergot of Wheat is rare in Britain, but has 
been used medicinally in France. The sclerotia are shorter 
and thicker than those of rye. 

Ergot of Oats has been used medicinally in Algiers. The 
sclerotia are black in colour, 10 to 12 mm. in length and 
3 to 4 mm. in diameter. 

Ergot of Diss, which is produced on the Algerian reed 
Ampdodesma tenax, has appeared in commerce and is said to 
be highly active. The sclerotia may attain as much as 9 cm. 
in length and are spirally twisted (Fig. 63 C). 

Uses. — ^Brgot is used in labour to assist delivery and to 
reduce post-partum haemorrhage. Only ergometrine produces 
an osyTocic (literally “ quick-delivery effect, ergotoxine 
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and ergot amine having quite a different action. See Barber's 
Texibfjok of Physiology, pp. 445 and 446. Krgometrine is 
soluble in water or in dilute alcohol. 


Famil3' PARMELIACEiE 
CETRARIA 

Iceland Moss; F. LicJien on Mousse d'lslande ; G. Isldndisches 

Moos 

Source. — Iceland moss, Cctraria islandica, is a foHaceous 
lichen growing amidst moss and grass in North Furope, Siberia, 
North America, and on the lower mountain slopes of Central 
Furope and Spain. For medicinal purposes it is usually 
collected in Scandinavia and Central Burope. 

History. — ^This lichen has long been used as an emergency 
food b}- the Fapps and Islanders, being first freed from its 
bitterness b^’ maceration in water. In Scandinavia it has 
been used for pulmonaiy’ diseases since the seventeenth 
century^ 

Ch^acters . — Cctraria islandica is a rapid-growing lichen 
which increases by several cm. y^earl^^- until it attains a length 
of about 10 cm- The drug consists of irregularly lobed, leafy 
thalli, about 5 to 10 cm. in length and about 0*5 mm. in thick- 
ness. The upper surface is greenish-brown and sometimes 
covered with reddish points, while the lower surface is pale 
brown or greyish-green and marked with white, irregular 
spots. At frequent intervals along the margin of the thallus 
are minute projections, which are known either as spermogonia 
or pycnidia (and their contents as spermatia or pycnidiospores) 
according to the view taken of their function. The apothecia 
which contain asci and ascospores are circular, dark reddish- 
brown, and about 0*5 cm. in diameter. They are, however, 
rarely found in the drug. 

The dried drug is brittle but becomes cartilaginous on 
moistening with water. Odour, slight ; taste, mucilaginous 
and bitter. A 5 per cent, decoction forms a jelly on cooling, 
which is stained bine by^ iodine {distinction from carrageen). 

Sections of the drug reveal the dual nature of the plant. 
The small rounded cells of the unicellular alga Cysfococcus 
humicola being enclosed by the more or less closely- woven 
h5q>hffi of the fungus. Sections through a spermogonium and 
an apothecium are shown in Fig. 64. 
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Constituents. — ^The Hyplial cell walls of most lichens are 
composed of chitin. Cetraria islandica is, however, one of the 
few exceptions, the walls in this lichen consisting of carbo- 
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liydrate which was called by Berzelius {1813) “ lichen-starch 
or “ moss-starcli.” The name lichenin was applied to the 
carbohvdrate matter extracted by water, and examination of 
this by Mulder (1838), Berg (1873), and Beilstein (x88i) led 
to the isolation of two isomers of the formula, CeHioOs, which 
are known as lichenin and fsolichenin. Tichenin is only 
soluble in hot water and is not coloured blue by iodine ; while 
isolicheiiin is soluble in cold -water and gives a blue colour -with 
iodine. Both on hydrolysis give galactose. 

The bitter taste of Cetmria islandica is mainly due to a 
lichen-acid * of the orcine group formerly known as cetrarin '' 
or “ cetxaric acid,” but shown b^^ Hesse (1904) to be fumarpro- 
tocetraric acid, C62h[50^35> which is also found in other lichens. 
Hesse (1916) shows that the potassium salt of . this acid may 

isolated from the drug by extraction with acetone, and that 
it is readily decomposed into potassium fumarate and cetraric 
acid, the latter not occurring in the drug in the free state. 

The drug also contains a fat acid, proto-a-lichesteric acid, 
•which on heating above 45° is more or less converted into 
ct-lichesteric acid, CigH^Os. 

Uses. — Iceland moss has been used as a bitter tonic and as 
a demulcent, but it is now little employed in Britain, although 
official in many foreign pharmacopoeias. 

♦ More than one hundred lichen-acids axe known. These have been pro- 
visionally arranged by Zopf into : i. Lichen-acids of the Fat Series ; and 
2, Licben-axids of the Aromatic Series. The latter class is subdivided into : 

Orcine derivatives ; and (d) Anthracene derivatives. These acids occur 
on the outer surface of the li3rphae, are crystalline and frequently have a bitter 
taste. Many are colourless, but others are bright yellow, orange, or red. 

The colouring matters of certain lichens are of commercial importance, 
prcMiacts such as orchil, cudbear (persio), and litmus being prepared, from 
them. S|«cies of RoceUa contain er5rtlirin, C2oH2203io» or lecanoric acid, 
CjgHjiOg'. By means of ammonia these axe split up, yielding orcine or orcinol, 
3:5 ^ydroxymethylbenaene, C«H,(CH3)(OH)2. Orcein, C14H12N2O3, the 
ccdoiijring matter of orchil and cudbear, is prepared from orcine by prolonged 
cacpmure to the influence of ammonia and atmospheric oxygen. Commercial 
litmus is prepared in a somewhat similar manner and contains azolitmin 
|which may he prepared from orcinol), erythrolein, and erythrolitmin. 



CHAPTEE XVI 

PEylum PTERIDOPHYTA 
Order FILICALES 
Family POLYPODIACEiE 
FILICIS RHIZOMA 

Filix Mas, B,P. ; Aspidium ; Male Fern Rhizome ; F. Racine 
de Fougere Mdle ; G. Wurmfurn, Farnwurzel, Wurm- 
farnwurzcl 

Source and Collection. — Ofl&cial male fern consists of tlie 
rhizome and leaf bases of Dryopteris Filix-mas. The fern is 
dug up in the late autumn, divested of its roots and dead 
portions, and carefully dried. It must be used within one 
year of collection. Although common in England, male fern 
is largely imported from Germany, both in the form of the 
dried drag and as oleo-resin obtained by ether extraction. 
It is collected in large quantities in the Harz and Thuringian 
mountains. The U.SA. import little or no rhizome from 
Europe, but considerable quantities of the oleo-resin. 

Plant. — The gametophyte, or gamete-bearing, generation 
consists of a small, heart-shaped prothallus about 5 mm. in 
length, which bears antheridia and archegonia. The sporophyte 
consists of a number of large, leafy fronds arising from a stout 
rhizome which bears numerous fine rootlets on its lower surface. 
The fronds are rolled lengthways when young (circinate verna- 
tion) and the bases and petioles are densely covered with 
shaggy scales (ramenta) . 

Hikory. — ^The vermifuge properties of ferns were known 
to the ancients, their use being mentioned in the works of 
Dioscorides, Theophrastus, Galen and Pliny. After a long 
period of disuse male fern was popularised in 1775 by Eouis XVI 
of France. He paid a large sum (about £700) for the secret of 
a very successful tapeworm remedy, which proved to be 
powdered male fern, and caused an account of the drug to be 
published. After again lapsing into disuse it was reintroduced 
by a French physician, Jobert, in 1869. It is now official in 
most pharmacopoeias. 
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Macroscopical CJiaracters. — The drug occurs in pieces about 
7 to 15 cm. in length, consisting of a rhizome about 2 cm. in 
diameter surrounded by frond bases which bring the total 
diameter of the pieces to about 4 or 5 cm. Some of the larger 


mi 


mi 


1 *IG. 65. — A. transverse section of rhizome of Aspidium Filix-mas / B, trans- 
ve^ section of leaf base of same; C, transverse section of leaf-base of 
Aihyrtum Ftiix-fmmina, ; D, section through male fern rhizome showing 
mtercellul^ glands ; E, ramentum of male fern ; F, edge of same ; 
Ur, edge of ramentum of Aspidium spinulosum. i, meristele ; 2, inter- 
ceilnto gland ; 3, glandular hair ; 4, starch. (A after Berg, B and C 
after Lnerssra, D after Brandt and Wasick7, B, F, and G after Tschirch 
and Lauren.) 
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pieces have been sliced to facilitate drying. The frond bases 
are brown externally and densely covered with ramenta ; 
internally they are green, and show in transverse section from 
7 to 9 pale 3"ellow meristeles (distinction from Athyrium Filix- 
fcemina). The rhizome is brownish externally and 3^ello wish- 
green internally, if official. On long storage the interior 
becomes brown, the activity decreases, and the drug is no 
longer fit for use. A section of the rhizome shows from 7 to g 
large meristeles arranged in a diffuse circle and external to these 
the smaller meristeles running from the fronds. The drug has 
little odour. The taste is at first sweetish, afterwards becoming 
bitter and extremely nauseous. 

Microscopical Characters. — Sections of the rhizome show : 
(i) within the epidermis a hypodermis of brownish sclerenchy- 
matous fibres ; (ii) a ground work of parenchyma which is 
rich in starch grains up to iS/a in diameter, and which possesses 
shortly stalked, internal secreting glands in its intercellular 
spaces ; (iii) meristeles, which are largely composed of large 
tracheids with pointed ends and scalariform thickening. 
Crystals of calcium oxalate are absent. The ramenta have 
very characteristic two-celled marginal projections and usually 
two small glands at the base (see Tig. 65, E) - 

Constituents. — ^The chief active constituent of male fern 
is a complex dibasic acid, filmarone, C47II54O16, which was 
isolated by Kraft in 1904, 

Before this date filicic acid, C35II39O12, aspidinol, ^ 17 ^ 1602 , 
flavaspidic acid, albaspidin, fihcinylbutanone, and filicinic 
acid had been isolated. The structures of these compounds 
were largely elucidated by Boehm (1902-3), who showed them 
to be derivatives of butyric acid and phloroglucinol. Aspidinol, 
for example, on treatment with zinc dust and sodium hydroxide, 
yields methylphloroglucinol monomethyl ether and butyric 
add. 

Ehmarone occurs in the drug to the extent of about 5 per 
cent. It is a yellowish-brown, amorphous substance, having 
the properties of a dibasic add. It is insoluble in water, 
sparingly soluble in alcohol, but soluble in most other organic 
solvents. Dissolved in acetone it slowly decomposes into 
filidc acid and fihcinigrins, a similar change taking place in 
the official extract and giving rise to a granular deposit on 
keeping. Boiling with 15 per cent, sodium hydroxide solution 
and zinc dust decomposes filmarone into filicic acid, phloro- 
glndnol or its derivatives, and butyric acid. According to 
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Gommermaii (1907) it is stable when boiled with ammoniacal 
silver oxide or with FeMing’s solution, and the enzymes pepsin, 
tT>’psin, and pancreatin exert no action on it. 

Clinical tests show that neither filicic acid not jdavaspidic 
acid have any appreciable anthelmintic action ; albaspidin 
shows a slight action ; while filmarone in doses of 0-5 to 0-7 G. 
was successful in thirty cases. 

The drug also contains filicitannic acid, resin, and starch. 
It yields from 1*5 to 4*3 per cent, of ash (B.P. not more than 
6 per cent, of ash, and not more than 2 per cent, of acid- 
insolnble ash). 

Assay. — ^The official assay process estimates the weight of a 
mixture of ether-soluble, acidic substances to which the name 

filicin is given. Pabst and Eliss * give a modification of this 
process -which they claim to be more accurate. A biological 
assay on earthworms is said to be satisfactory but lengthy. 

According to Peyer f male-fem extracts frequently contain 
traces of copper and of ether. He suggests a fiash-point test 
for the detection of small quantities of the latter. 

— Athyrium Filix-Joemind, the lady fern, some- 
times occurs in samples of male fern. It may be distinguished 
by the leaf bases, which show two dumb-bell shaped steles, 
and by the entire margins of the ramenta. 

Dryotpieris spinulosa O. Kuntze (Aspidium spinulosum Sw.), 
the shield fern, has often been found in German samples of 
male fern. The rhizomes usually have rather fewer steles 
than male fern, but the most reliable character is the presence 
of numerous small glands on the margins of the ramenta. 
This fern has similar internal glands to those of male fern and 
is a very active taenidde. 

Zhyopieris pseudo-Jilix-mas is a Japanese fern which was 
fomaerly believed to he identical with D. Filix-mas. Investiga- 
tions of IsMo and Shimidzu (1919) sho-w that the ramenta lack 
the characteristic marginal projections and the two basal 
glands -which are found in the official drug. The oleo-resin 
gave no less than 49*51 pei" cent, of filicin when assayed by 
the official me-fehod. 

Hry'Opieris marginalis, an American fern, was formerly 
official in the U.S.F. 

Us«s. — ^Ikfale fern, usually in the form of the offiLcial extract, 

♦ and A. Bli®, Junr., J. Amer. Pharm. Ass., 1932, 21 , 43I- 

t Payer, Zig., 192S, ^ 45 , 348. 
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is used as a tsenicide. Its use reqtiires < 
occurred in wMcli it lias been absorbed in q 
in blindness. A 10 per cent, solution of filmarone 
is also used. 


Order LYCOPODIALES 
Family LYCOPOBIACEZE 
LYCOPODIUM 

Lycopodium Spores ; Clubmoss Spores ; F. Ly cop ode ; 

O. Barlappsamen, Hexenmehl 

Source. — ^Lycopodium consists of the spores of the club- 
moss, Lycopodium clavatum, and possibly other species of 
Lycopodium, The plant is very widely distributed in the 
temperate and colder parts of the world, being found not only 
in Europe, Asia, and North America, but also in Australia, 
South Africa, and South America. The commercial drug is 
collected in Poland and the Ukraine, .and reaches London 
via Danzig or Hamburg. 

History. — ^The drug was known to the early botanists of 
the sixteenth century, and it was used in Germany as an 
application to wounds in the seventeenth century. It is 
official in the U.S .A. and in many Continental countries. 

Collection. — ^In July and August the sporangial spikes are 
cut and dried. The spores are separated by shaking, and are 
then freed from vegetable debris by sieving through flour- 
sieves. The drug is exported in sacks which are usually 
enclosed in matting. It is generally quoted in London as 
triple sifted lycopoditnn. 

Macroscopical Characters.^ — Lycopodium is a light, yellow, 
extremely mobile powder without odour or taste. It floats on 
water without being wetted. When thoroughly crushed in a 
mortar it assumes a greyish tint, gives an oily stain to paper, 
and may be mixed with water. When blown into a flame it 
ignites with a brilliant flash. 

Microscopical Characters. — ^Under a microscope the spores 
are seen to be from 21 to ^Ofju in diameter, and to have the 
shape of a three-sided pyramid with a convex base. The 
surface is covered with polygonal-shaped reticulations, which 
form a projecting ridge at the edge of the spore. Viewed from 
the apex of the pyramid, the edges of the flat sides form a 
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distinct, triradiate marking. On crushing, yellowish drops of 
oil exude. The spores of other JLycopodrum species closely 
resemble the above, but may be distinguished microscopically. 

Constituents. — ^hycopodium contains about 50 per cent, of 
fixed oil. which consists mainly of the glycerides of lycopodium- 
oleic acid and myristic acid. The drug also contains about 
3 per cent, of sugars, ph^’tosterin, and traces of an alkaloid . 

Adulteration. — Adulteration with the pollen of J^inus 
species, Coryias avcllana, Typha latifolia, etc., or with roasted 
and. coloured starches, dextrin, sulphur, or inorganic salts, 
can be readily" detected by means of the microscope. Pure 
samples of the spores >deld little more than i per cent, of ash, 
and more than 4 per cent, of ash would indicate adulteration. 

Uses. — Lycopodium is used to a limited extent in dusting 
po'v^-ders and medicated snuffs, and as a dusting powder for 
pills. It is extremely useful in quantitative microscopy (see 

p- 155)- 



CHAPTER XVII 

Ptylum GYMNOSPERM2E 

Order CONIFERALES (CONIFERS) 

The order Coniferales consists of the six families, Taxaceae, 
Podocarpacese, Araucariaceae, Pinacese, Taxodiaceae, and 
Cupressaceae. The members are trees or shrubs, mostly ever- 
green, with needle-like leaves ; monoecious or dioecious. 
Sporophylls usually in cones. Fruit generally woody {e.g. 
Finns), but sometimes succulent {e,g, Taxus). Seeds woody 
and often winged. 

Family TAXACEiE 

A family of four genera, only one of which, Taxus, is repre- 
sented in Britain. The members are characterised by the 
presence of 3 to 8 pollen sacs in the stamens ; erect ovules ; 
fleshy fruits ; and embryo with two cotyledons. 

Taxus Baccata. — ^The common yew, Taxus baccata, is an 
evergreen shrub or tree up to 10 m. in height. The trunk is 
thick and covered with a greyish-brown, channelled bark. 
The leaves are linear and about i*5 to 2*5 cm. in length. The 
male cones are very small and consist of 6 to 15 stamens, each 
of which has a peltate head and 3 to 8 pollen sacs. The erect 
ovules are home singly. The seed is about i cm. in length 
and is surrounded by a cup-like aril. The latter changes from 
green to a bright red, and becomes succulent on ripening. 

Yew owes its poisonous properties to an alkaloid, taxine, 
which is widely distributed in the plant and occurs in the leaves 
to the extent of 0*7 to 1-4 per cent. It also contains a glycoside 
(taxatin), raffinose, calcium malate, and a little volatile oil. 

Family PINACEiE 

A family consisting of 9 genera, and about 130 species. 
The chief genera are Finns, Larix (larch), Cedrus (cedar), 
Ficea (spruce flr), Tsuga (hemlock fir), and Abies (silver fir). 
These plants are characterised by the two pollen-sacs on the 
lower side of the male cone scales, and by the two anatropous 
ovules on the upper side of the female cone scales. The cone 
scales are spirally arranged (cf. Cupressaceae). 

201 



202 


PHARMACOGNOSY 


Pirnxs Sylvestris. — Tlie Scots pine, Pinus sylvestris, is an 
evergreen tree about 30 to 40 m. in beight. The trunk is 
covered with a dark-brown, scaly bark, which tends to exfoliate, 
leaving a copper- coloured surface exposed. The tree bears 
shoots w'hich end in a bud and have indefinite growth long ” 
or leader ” shoots), and very short shoots of limited growth 
f dwarf shoots’" or bifoliar spurs"’). The latter bear 
acicular leaves about 3 to 6 cm. long. The pine is monoecious. 
The staniinate cones are arranged spirally in groups of 20 to 60, 
Bach consists of a number of spirally arranged sporophylls 
bearing a pair of pollen sacs on their lower surfaces. The pollen 
grains, which are shed in June, have been found in samples 
of lycopodium, but are easily recognised microscopically by 
their bladder-like wings. The pistillate cones occur singly or 
in groups of tw’o or three in the position of leader shoots. They 
take three years to arrive at maturity. In the third year the 
cones are 4 to 6 cm. in length, woody, and dark brown in 
colour. The seeds are from 3 to 5 mm. long and are provided 
with a wing about 15 to 20 mm. in length. 

Schizc^enous oleo-resin ducts occur in the leaves, stem, 
and root of all pines (see below). Pine and other coniferous 
woods are sometimes used to adulterate powdered drugs. 
They may be detected microscopically by the characteristic 
tracheids with bordered pits described under wood pulps 
(P- 137)- 

OLEO-RESINA PINI 

Crude Turpentine 

&>Tirc5e . — K large number of the eighty to ninety known 
species of Pinus are used for the production of resin and tur- 
l^ntine. The following species are particularly important : 
(i)^ In the South and South-Bastem TJ.S.A., Pinus palnstris 
Ifliller (P. australis Michaux), the long-leaf pine; P, echinata 
^liller, the short-leaf pine ; P, caribcea Morelet (P. heterophylla 
Sttdworth) ; (ii) in Prance, Pinus maritima Bamarck (P. 
pinmsier Solander) ; (iii) in India, Pinus longifolia Roxburgh. 

Bjstoiy. — ^Pine and fir resins were well known to the 
Ancients, and ^sential oil of ttupentine is said to have been 
knowm to Marcus Graeeus, the reputed inventor of the G-reek 
fire used in mediaeval warfare. Up to the eighteenth century 
our supplies of resm and turpentine were obtained mainly from 
Prance, but America is now by far the most important source 
of supply. 
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Collectioii of tlie Crude Oleo-Resin. — Altliough oleo-resin 
is a normal (physiological) product of pines the amount pro- 
duced by the trees is greatly increased by injury. The chief 
methods for the collection of crude turpentine, i.e. the oleo- 
resin, are as follows : — 

Box Method. — ^This method is now becoming of little more 
than historic interest since the trees are “ tapped to death '' 
in about four years. In the spring a large incision is made in 
the bark and sapwood of the trunk gradually becoming deeper 
as it gets about i8 inches from the ground where it ends in a 
pocket-like cavity known as a ''box."’ hater in the year a 
broad band of bark is removed for some distance above the 
box and this area is shaved every few weeks to maintain a 
flow of oleo-resin into the box. At intervals the oleo-resin 
is removed from the box by means of a dipper, and sent in 
barrels to the distillery. 

This wasteful method formerly led to the destruction of 
vast areas of American forests. In many cases the timber was 
removed and the stumps left in the ground. Many of the latter 
have since been removed and the wood distilled to yield " wood 
turpentine "" or " stump turpentine ” (see below). 

Cup and Gutter Method. — ^This method, with different 
modifications, is used in America*, France f, and other 
European countries, and India. Fig. 66 gives some idea of the 
method, but a wider groove, which may be spiral or vertical, 
is more common. At first the groove is only a few feet long, 
but the worker visits the tree at intervals and with a special 
long-handled, axe-like instrument removes shavings from the 
groove and, in about four years, increases its length to about 
12 feet. The metal or earthenware cups are attached to the 
trunk by nails and one or two strips of galvanised iron are 
placed above each to direct the flow of oleo-resin. As the 
grooves are lengthened the cups are moved higher up the tree 
and new grooves are started when the old ones become 
exhausted or collection too difficult. The cups are emptied 
at intervals and the oleo-resin sent to the distillery. Trees 
can be tapped by this method for about forty years, com- 
mencing when the tree is about twenty to thirty years old. 

* Pirodactioii. in America is described and illustrated in “ A Naval Stares 
Handbook,'’ 1935, U.S. D^t. of Agriculture, Miscellaneous Publication 
No. 209. 

t The Frencb Method is described and illustrated in an. article by K, M. 
Hutcbin, ** Collection of Crude Turpentiiie and Resin in the Landes Depart- 
ment of France, 1927, 110, 245. 
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The product known as gtim thus/' American/' or 
common frankincense/’ consists of the last portions of the 
exudation, which become semi-solid before reacMng the box " 

or ** cup/’ 



The above photograpli was sent to me by a past student. Mr W. O 
Ayers it repre^nte an experimental tapping made in England during the 
waj. SoBM of the ab^doned cups have been acquire by Mr. T. C. Denston 
and may be seen in the Chelsea Polytechnic. 
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COLOPHONIUM 

Colophonium, B.P, ; Colophony Resin, Resin, Rosin, Amber 
Resin ; F. Colophane ; G. Geigenharz 

Preparation.— The crude oleo-resin (see above) arrives at 
the distillery in barrels. It is transferred to copper stills in 
which it is warmed with water, any woody debris floating to 
the surface being skimmed oS. The head of the still is then 
fixed, the temperature is raised, and distillation commences. 
The distillate is a mixture of water and oil of turpentine. To 
prevent charring of the resin water is added as required. When 
no more turpentine passes over the molten resin is run through 
wire strainers into barrels, in which it cools and is exported. 

Speaking generally the resin obtained from trees during 
their first year of tapping is of a lighter colour than that 
obtained subsequently. The following fourteen grades of 
American resin are recognised : B, C, D, B, F, G, H, I, IC, 
B, M, N, W-G (window-glass), and W~W -(water-white) . 
Grade B is almost black, the colour gradually changing through 
the other grades up to the very pale water-white.'" 

Characters. — ^The colophony used in pharmacy occurs in 
translucent glassy masses of a pale yellow or amber colour. 
It is brittle and easily powdered. It fuses gradually at about 
ioo°, and at a higher temperature bums with a smoky flame, 
leaving not more than about o-i per cent, of ash. Colophony 
is insoluble in water but soluble in alcohol, ether, benzene, 
and carbon disulphide. 

Chemical Tests. — Students should apply the following 
tests : — * 

(i) Dissolve about o*i G. of powdered resin in lo ml. of 
acetic anhydride. Add one drop of sulphuric acid on a glass 
rod. Care should be taken to see that the apparatus used is 
dry, that the solution is cold, and that concentrated sulphuric 
acid is used. On adding the acid a purple colour, rapidly 
changing to violet, is produced, 

♦ The above colour tests are not specific for colophony resin, but are 
given by a number of related substances, notably Burgundy pitch, gum 
thus, Canada turpentine, and Venice turpentine. 

The following test, suggested by Foester (Ann. Chim. Anal. A-ppl., 
2:909, 14 , 14), is useful for the detection of resin or rosin oil when admixed 
•with other substances. A little of the materiai to be tested is dissolved in 
a dish in 2 ml. of a solution consisting of phenol (i part), and carbon tetra- 
chloride (2 parts). A second dish containing bromine (i part) and carbon 
tetrachloride (4 parts) is placed near the first dish. The bromine vapour 
given ofi produces a blue colour, changing to violet at the surface of the 
colophony-containing solution. See also Dieterich, Analysis of Resins. 



206 


FHARMACOGNOSY 


( 2 ) Shake a little powdered colophon^^ with light petroleum 
and filter. Old samples of resin are usually much less soluble 
in this solvent than fresh ones. Shake the solution with about 
twice its volume of dilute solution of copper acetate. The 
petroleum la3’er becomes emerald-green in colour, a change 
'which is said to be due to the formation of the copper salt of 
abietic acid. 

(3) The alcoholic solution is acid to litmus. If time per- 
mits, the acid value of colophony should be determined by 
the official method. 

Constituents. — Colophon^’- contains several isomeric forms 
of the anh^'dride of abietic acid, which are present to the 
extent of more than 80 per cent. These anhydrides were 
named by Tschirch and Studer (1904) a-, and y-abietinic 
acid, but the name abietic acid is often applied to them. The 
parent acid, abietic acid, has the formula C2olf3o02, and is 
thus isomeric with pimaric acid.* The commercial so-called 
abietic acid ' ’ is prepared by digesting colophony 'with weak 
alcohol. Colophon^" also contains a resene, the bitter-tasting 
colophenic acids, and traces of volatile oil. 

Abietic acid, C20H30O2, was isolated by Fahrien (1902). 
It has an acid value of 185-4 (compare colophony 150 to 180). 
Abietic acid is liable to spontaneous oxidation and prolonged 
heating converts it into its anhydride, the presence of which 
in the drug can be th-us explained. The constitution of abietic 
acid has been investigated by hevy (1913), Perth (1916), 
Madinaveitia (1922), Aschan, Fontell, and Simola (1922), and 
by Ruzicka and his co-workers (1922-25).! 

XTs^. — The amount of colophony used in pharmacy for 
the preparation of plasters, ointments, etc., is relatively small. 
Targe quantities of the darker grades B, C, and D, are destruc- 
tively distilled to yield rosin spirit and rosin oil or are 
employed in the manufacture of Hnoleum and dark varnishes. 
Gmd^ E, F, and G are nsed as size. The medium grades are 
lajgely used for the manufacture of soap and the lighter grades 
for sealing-wax, light varnishes, and in pharmacy. 

* PinEsaric acid is said to differ from abietic acid in having a bitter taste 
and in forming an axnmoainin salt which crystallises in fine needles, while 
the coixesjwnciiiig abietic salt is gelatinous. It has been suggested by Duff our 
(1922 1 that the anhydrides found in colophony are formed from pimaric and 

not abietic acid. 

t See Ruzicka and PfeiSer, HeJv. Chim. Acta., 1925, 8, 632 ; abstracted 
In J.C.S., 1925, 1 , 1419. 
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OLEUM TEREBINTHINiE 

Oleum Terehinthince, B,JP. ; Oil of Turpentine, Rectified Oil of 
Turpentine ; E. Essence de Terebenthine ; G- Terpentinol 

Source and Preparation. — The oil of turpentine used in 
medicine is the volatile oil distilled from the oleo-resin of pines 
which is afterwards rectified. The purification consists of 
treatment with aqueous alkali to remove traces of phenols, 
cresols, resin acids, etc., followed by rectification. 

Characters. — Oil of turpentine is a colourless liquid with a 
characteristic odour and a pungent taste. It is soluble in 
alcohol, ether, chloroform, and glacial acetic acid. Oil of 
turpentine is optically active, but the rotation varies not only 
with the species of pine from which it has been obtained but 
also in samples taken from the same tree at different periods. 
Samples taken from the same tree at different times have 
given rotations varying from — 7° 26' to -(-18° 18' in the case 
of Pinus palustris, and — 29° 26' to +1° 23' in the case of 
Pinas heterophylla. The French oils from Pinus niaritinia are 
strongly laevorotatory ( — 20° to — 38°). The optical rotation 
of American turpentine has progressively decreased over a 
period of years, a change which may be attributed to the use 
of different species of Pinus and to changes in the method of 
collection and preparation. 

Constituents. — Oil of turpentine consists chiefly of the 
terpenes d- and ^-a-pinene, jS-pinene, and camphene. These 
tend to undergo atmospheric oxidation with the formation 
of complex resinous substances, the removal of which is accom- 
plished by the process of rectification mentioned above. The 
varying optical rotations of different turpentines are mainly 
due to the varying proportions of the d- and /-a-pinenes which 
they contain. 

Adulterants. — The determination of the iodine value is 
useful for the detection of wood turpentine, which has an 
iodine value of 240 to 264 (B.P. oil not less than 340). After 
steam distillation there should be little or no residue (absence 
of petroleum naphtha, etc.). Rosin spirit is almost optically 
inactive. The specific gravity, refractive index, and tempera- 
ture of distillation also afford evidence as to purity. 

Fses. — Oil of turpentine is used externally as a counter- 
irritant and rubefacient. Small doses of oil of turpentine are 
given internally for bronchitis and phthisis, and larger doses 
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as an anthelmintic. An oil of turpentine inhalation is some- 
times used for bronchitis, but terebene is usually preferred 
for this purpose. Terebene is prepared from oil of turpentine 
by the action of cold sulphuric acid, which converts the pinene 
into the optically inactive ^/-limonene, which is known as 
dipentene. 


PIX LIQUIDA 

Fix Liqtiida, B,P,y Fix Pint, Tar, Wood Tar, Stockholm Tar ; 

F. Goudron Vegetal, Goudron de Pin, Goudron de Norvege, 

Gotidron d\Arkhang£l ; G. Holztheer 

Source. — Official tar is that known in commerce as Stock- 
holm tar. It is prepared by the destructive distillation of 
various trees of the family Pinacese. European tar is mainly 
prepared from the wood of Finus sylvestris and Larix sihirica 
Ledeb. {Pinus Ledebourii Fndl.), in Scandinavia, Eastern 
Germany, Poland, and Russia. Tar is also produced in 
America from species of Pinus and Abies. 

Preparation. — Iron stills were introduced for the destruc- 
tive distillation of wood in i86i and are now largely used. 
The wood gas produced by the distillation may be used to 
heat the retorts, and in some parts of Germany and Switzerland 
it is used for illuminating purposes. In addition to the tar 
an aqueous distillate is obtained from which acetic acid, 
methyl alcohol, and acetone are prepared. A residue of wood 
charcoal remains in the retorts. When so distilled the stems 
yield about 14 per cent, and the roots 16 to 20 per cent, of tar. 

The older method of preparation is described in Pharma- 
mgrafhia as follows : — 

Vast stacks of pine wood consisting chiefly of the roots and lower 
portions of the tranks (the more valuable parts of the trees being used 
as timber) . and containing as much as 30,000 to 70,000 cubic feet, are 
earefuBy packed together, and then covered with a thick layer of turf, 
moss, and earth, beaten down with heavy stampers. The whole stack 
of billets is constructed over a conical or funnel-like cavity made in 
the ground, if possible on the side of a hill, this arrangement being 
adopted for the purpose of carrying on a downward distillation. Fire 
being applied the combustion of the mass of wood has to be carried 
on very ^wly and without dame in order to obtain the due amount of 
tar and a charcoal of good quality. I>ming its progress, the products, 
chiefly tar, collect in the fimnel-hke cavity, from which they are dis- 
charged by a tube into a cast-iron pan placed beneath the stack, or 
simply into holk>w tree trunks. The time required for combustion 
varies from one to four weeks, according to the size of the stack.” 
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If tMs tar be redistilled it yields in turn metbyl alcobol and 
acetone (about lo per cent.), acetic acid, oil of tar (a reddish- 
brown liquid, S.G. o-86 to 0*90, consisting of hydrocarbons and 
phenols), and pitch. 

Characters, — ^Tar is a blackish semi-liquid with a character- 
istic odour and taste. 'The S.G. varies from 1*02 to 1-15. On 
keeping, tar becomes somewhat granular, probably owing to 
the crystallisation of pyrocatechin and other substances. 

Chemical Tests. — ^Water triturated with tar acquires an acid 
reaction (distinction from coal tar). If 5 ml. of an aqueous 
extract, filtered through kieselgnhr, are treated with 3 drops 
of a o-i per cent, solution of ferric chloride a red colour is 
produced. {Note : this test is also given by oil of cade, which 
like wood tar is acid to litmus.) Pine tar differs from oil of 
cade in that it gives a green colour when a fight petroleum 
extract is shaken with solution of copper acetate and the 
upper layer diluted with ether. 

Constituents. — large number of substances have been iso- 
lated from wood tar. The list includes the following phenols and 
phenolic ethers : Phenol, CsHsOII ; cresols, C6H4(CH3)OH ; 
methyl cresols ; catechol or pyrocatechin, CeH4(OH)2 ; guaiacol 
(methyl catechol) and its homologues. Also the hydrocarbons 
benzene, toluene (methylbenzene) , xylenes (dimethylbenzenes) , 
mesitylene and pseudocumene (trimethylbenzenes) , styrene 
(phenylethylene), naphthalene (CioHg), retene (m-methyl- 
isopropylphenanthrene) , chrysene (CigHi2), and paraffins. 

Pine tar is characterised by the large amount of guaiacol 
and its homologues which are present. Other tars, such as 
those of the birch and beech, show considerable differences in 
composition. Official creosote is obtained from wood tar by 
distillation. It may be pointed out that beech tar was given 
as the source of the creosote of the 1914 Pharmacopoeia. 

Xises. — Tar is taken internally as a disinfectant and expec- 
torant and is used externally, in the form of ointment or tar 
parogen, as a stimulating antiseptic in certain skin diseases. 


TEREBINTHINA CANADENSIS 

Canada Turpentine, Canada Balsam; F. Terebenthine du 
Canada; G. Canadischer Terpentin 

Source. — Canada turpentine, or “ Canada balsam as it 
is often incorrectly called, is an oleo- resin obtained from the 
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stem of A hies halsamea , the balsam fir. It is collected in Kastem 
Canada and in the State of Maine in the U.S.A. 

Collection. — ^The oleo-resin, which occurs only in the bark, 
is contained in schizogenous ducts and large cavities. As the 
cavities fill with secretion blister-like swellings develop on the 
trunk, and it is from these that the drug is collected. The 
pointed spout of a tin can is used to puncture the blisters, 
the oleo-resin then slowly flowing into the can. The collection 
is troublesome and is usually carried out by whole families 
who camp in the mountains for two months or so. The secretion 
ceases about the end of August. A good tree yields at most about 
240 G. per day, and a collector with two young assistants can 
collect about 4,500 G. per day. At the camp the oleo-resin 
is filtered by the women into 5-gallon barrels. 

Characters. — Canada turpentine when fresh is a pale yellow- 
liquid with a slight, greenish fluorescence, and is of honey-like 
consistence. It has a pleasant, terebinthinate odour, and a 
somewhat hitter and acrid taste. 

On exposure to air Canada turpentine becomes more 
viscous and finally forms a glass-Hke varnish, a property which 
renders it suitable as a microscopic mountant and as a cement 
for lenses. It has a refractive index of 1-518 to 1*521. Canada 
turpentine solidifies when mixed with about one-sixth of its 
weight of magnesium oxide moistened with water. The drug 
is soluble in benzene, chloroform, xylol, ether, and oil of tur- 
pentine. It is only partially soluble in alcohol. 

Constituents. — ^The approximate composition of Canada 
turpentine is as follows : Volatile oil, 23 to 24 per cent. ; 
a- and j8-canadinolic acids, C19H30O2, 48 to 50 per cent. ; cana- 
dinic acid, CisH^02, 13 per cent. ; canadoHc acid, 0*3 per 
cent. ; resene, ii to 12 per cent. The bitter principle and 
the fluorescent substance have not yet been isolated. 
The fiuor^cence is very marked in filtered ultra-violet 
light. 

Allied Brags . — Abies pectincUa yields the Continental drug 
Alsatian turpentine (F. Terebenthine P Alsace ; G. Strasburger 
Terpeniin). It is interesting to note that the method of 
collecting this oleo-resin is almost identical with that used in 
Canada for Canada -turpentine. 

Psemd&isuga Douglasii Carr [Abies Douglasii Find.) pro- 
duces the American balsam of flr or Oregon balsam. It is 
said to be less viscous than Canada turpentine, and yields a 
sticky film of r^n on exposure to air. 
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Tstiga canadensis Carr (Abies canadensis IVIichx.), the hem- 
lock spruce, is sometimes given as a source of Canada tur- 
pentine. It is doubtful if any is now obtained from this plant. 

TJses. — Canada turpentine is occasionally used as a pill 
excipient for very deliquescent salts. It is no longer an 
ingredient of the official flexible collodion, and is now mainly 
used in microscopy and as a cement for lenses. 


OLEUM ABIETIS 

Oleum Abietis, B.P. ; Oil of Siberian Fir, Oil of Fine 

Source. — Oil of Siberian fir, or, as it is often known in 
commerce, Siberian pine oil, is distilled from the fresh 
leaves of Abies sibirica. It is produced in the Wjatka district 
of North-East Russia and to a lesser extent in Siberia. 

Characters. — ^The oil is colourless or a very pale yellow. 
It has a pleasant, aromatic odour and pungent taste. The oil 
is strongly Isevorotatory. It is soluble in an equal volume of 
alcohol (go per cent.), or in 15 volumes of alcohol (80 per cent.). 

Constituents. — ^The oil owes its odour mainly to bomeol 
and terpineol esters (particularly bomyl acetate), which are 
present to the extent of about 29 to 43 per cent. It also con- 
tains about 3 to 4 per cent, of a hydrocarbon, santene, of the 
formula C9H14, and isomeric forms of pinene, camphene, and 
phellandrene. The official oil contains not less than 35 per 
cent, w/w and not more than 45 per cent, w/w of esters cal- 
culated as bomyl acetate, C12H20O2. 

Uses. — Oil of pine is used in inhalations and, on account 
of its pleasant odour and low price, in cheap perfumery. 


FIX BURGUNDICA 

Burgundy Pitch; F. Poix de Bourgogne, Foix des Vosges, Poix 
Blanche, Poix Jaune ; G. Burgundisches Fech, Tannenharz 

Source. — ^Burgundy pitch is a semi-soHd, oleo-resinous 
secretion obtained from the stem of Ficea excelsa, the Norway 
spruce. The drug was formerly collected and prepared in 
Scandinavia, the Black Forest, and in the Jura Mountains. 
The relatively small amounts now used are obtained from the 
Swiss side of the Jura Mountains, particularly from the 
forests of Soulec and Tramelan in the D element valley. 
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Collectioii and Preparation. — By means of an axe four 
incisions are made in the bark of each tree. These are made 
about 50 cm. from the ground, and penetrate through the bark 
as far as the wood. In the following year the bark loosens as 
a result of gro\'\i;h and the oleo-resin, which gradually becomes 
semi-solid, collects between the bark and the wood. A cone- 
like receiver, made from bands of lime bark, is held below the 
incisions and the oleo-resin is scraped into it. The scraper 
is an instrument with sharpened edges which is fixed to the 
handle of the axe. The secretion, 'which at this stage contains 
about one-third of its weight of vegetable debris, is transferred 
to a sack and taken to the collector’s hut. Here it is melted 
with water in a large copper vessel and then poured into a 
sack made of coarse cloth. This is supported over a trough 
cut in a tree trunk in which cold water is placed. The Bur- 
gundy pitch is pressed from the sack by means of a wooden 
lever weighted at one end. After kneading with water 
and then separating from this the drug is ready for the 
market. 

Cliaracters. — Burgundy pitch is an opaque, yellowish- 
brown or reddish-brown substance. It is brittle at ordinary 
temperature and breaks with a conchoidal (shell-like) fracture. 
Burgundy’ pitch resembles liquids in that it takes the form of 
the vessel in which it is stored, but its flow is extremely slow. 
It has an aromatic odour, and a sweetish, aromatic taste. 
Burgundy pitch is soluble in twice its weight of glacial acetic 
acid. 

Constituents. — ^According to an analysis by Tschirch and 
Koch,* Burgundy pitch contains picea-pimarolic acid, 
CigKasOg, 47 per cent. ; picea-pimaric acid, C20H30O2, 2 per 
cent. ; picea-pimarinic acid, C12H20O2, 3 per cent. ; juroresene 
15 per cent. ; volatile oil, 30 percent. ; bitter principles, water, 
and impurities 3 per cent. 

Adulteration. — ^False Burgundy pitch is often sold. This 
is made hy mixing colophony or galipot'’ (a product of 
Pinus mariiimu resembling scrap^ "), American or Bordeaux 
turpentine, and palm oil. A certain amoimt of water is stirred 
in to make the mixture opaque. It may be distinguished from 
the genuine drug by its incomplete solubility in twice its 
weight of glacial acetic acid. 

Use. — Burgundy pitch is used to a limited extent in plasters. 


* Tschirch and Koch. Arch. Pkarm., 1902, 240 , 272. 
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Family CUPRESSACIiaEJ 

A family consisting of 12 genera, and atout 120 species. 
Important genera are Jtmiperus, Ctipressus, Thuja, and. 
CalUtris. Tlie family differs from tke Pinacese in that the 
leaves and cone-scales are usually opposite or whorled, and 
the ovules erect. 


JUNIPERI FRUCTUS 

BacccB Galbuli Juniperi ; Juniper Berries ; F. Bales de 
Genievre ; G. Gemeiner Wacholder, W acholderheeren 

Source. — Juniper berries are the dried ripe fruits of J uni- 
perm communis, an evergreen shrub or small tree. They are 
collected in Italy, Hungary, K. Prussia, Poland, Thuringia, and 
Sweden. Generally speaking, the berries from the more 
southern countries contain the most oil. 

Characters. — ^The female cones consist of scales arranged 
in whorls of three. The upper whorl bears one ovule on the 
upper surface of each scale. Below the ovuliferous scales are 
from 2 to 4 whorls of bracts. After fertilisation, which occurs 
in May, the ovuliferous scales become deshy and grow together 
to form a berry-like fruit (galbulus) . During its first year the 
galbulus remains green, but ‘in the autumn of the following 
year it ripens, the outer surface having a deep purplish colour 
and a bluish-grey bloom. 

The berries become somewhat darker and shrivel slightly 
on drying. They are about 7 to 10 mm. in diameter. The 
apex shows a triradiate' mark and depression indicating the 
sutures of the ’ three -fleshy scales. At the base there are 
usually six, small, pointed bracts arranged in two whorls, but 
occasioiially three or four such whorls are found. 

A traverse section of the fruit shows a thin, outer skin or 
epicarp, a yellowish-brown, pulpy mesocarp, and three seeds. 
The seeds lie close together in the centre of the fruit and are 
hard and woody. Partly embedded in the hard testa of each 
seed are large oleo-resin glands. These usually number from 
4 to 8 on the outer side of the seed, and i or 2 on the inner. 
Smaller oil glands occur in the pulp. In young fruits the 
glands appear to contain more oil than resin, but in old fruits 
the reverse is the ca^e. The belief, formerly held, that imma- 
ture fruits yield more oil than mature ones has been disproved. 
The drug has a pleasant, somewhat terebinthinate odour, and 
a sweetish taste. 



mmmunis. A, brancli with male cones; B, brand 
witii Mpies ; C, scales of male cones ; D, fruit from above * E frur 
from belw ; F tosveise section of ripe fniit ; G, seed, r, oil gland 
G ) ^ ^ Thoms. B after GUg, F after Tsihirch 

lo per cent.) ; a 'bitter principle, organic acids and their salts. 

and "wax. 

Us^. Jumper berries yield oil on distillation and leave a 
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residue, wMch on extraction with water and subsequent 
evaporation, yields “ Roob or Rob of Juniper"' {Succus 
Jtmiperi), a preparation much used in Oerman3^ Juniper 
berries are also used in making certain varieties of gin. 

OLEUM JUNIPERI 

Oleum Frncttis Juniperi ; Oil of Juniper Berries ; R. Huile 
Volatile de Genievre ; G. Wacholderol, Wacholderheerol 

Source and Preparation. — Oil of juniper is the oil obtained 
b^^ distillation and rectification from the ripe fruits of Juniperus 
communis. A little oil is distilled in England, but it is difficult 
to compete in price with the Continental producers, who have 
a ready supply of wild berries, cheap labour, and such a ready 
market for Succus Juniperi that the oil is of the nature of a 
by-product. Schimmel gives the average yields of oil from the 
berries of difierent countries as follows: Italian, i to 1*5 per 
per cent. ; Bavarian, i-2 per cent. ; Hungarian, o*8 to i per 
cent. ; Polish, 0*9 per cent. ; Thuringian, 0-76 per cent. ; East 
Prussian, o-6 per cent. ; Swedish, 0-5 per cent. 

According to Parry, much of the oil met with in commerce 
is probably not normal in composition, but is obtained as a 
by-product in the manufacture of gin and similar spirits. 

History. — Juniper berries have been used in medicine from 
very early times. The oil was distilled by Schnellenberg in 
1546. 

Characters. — A colourless or pale yellowish-green liquid 
having a characteristic odour and a bitter, aromatic taste. 
S.G. 0-865 “to o-8go ; optical rotation — 3° to — 20*^ ; refractive 
index 1*475 to 1-488. Soluble, when freshly distilled, in four 
parts of ^cohol (95 per cent.) . The solubility decreases and the 
specific gravity increases with age. 

Constituents. — Oil of juniper contains the terpenes a-pinene 
and camphene ; the sesquiterpene cadinene ; at least two 
terpene ^cohols, one of which is terpineol, and traces of 
esters. On cooling old samples of oil of juniper a crystalline 
substance, juniper camphor,"’ is deposited. 

Adulterants and Substitutes. — The purity of oil of juniper 
is judged to a considerable extent by the size of the pinene 
and cadinene fractions which are obtained when it is frac- 
tionally distilled. 

Oil of Juniper Wood of commerce is usually a mixture of 
turpentine and juniper berry oil. 
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Oil oj Junipcrus phanicea berries differs sliglitly in physical 
constants from the genuine oil. It is dextrorotatory (+3° 

to 

Oil oJ Jumper us Oxycedrus berries is lighter than that of 
J, communis. It has a S.G. of 0*850 to 0*856. 

XJses. — Oil of juniper is used as a stimulating diuretic. 

SABIN.^ CACUMINA 

Sabina ; Savin Tops ; F. Sabine ; G. Sevenkraut, Sadehaum- 

spitzen 

Source. — Savin tops are the young shoots of Juniperus 
Sabina. The savin is a wood3% evergreen shrub about 2 to 6 m. 
in height. It grows wild in the mountains of Austria, Switzer- 
land, Italy, France, and Spain, and is commonly cultivated 
in Britain. 

Characters. — The leaves are imbricated, sessile, more or 
less adnate to the stem, and usnally opposite and decussate. 
The shape and size of the leaves differ very considerably on 
different parts of the plant. The young leaves are oval or 
hexagonal and closely appressed to the stem, but as they grow 
older they become rhomboid-lanceolate, the apex becoming 
more pointed and diverging more and more from the stem. 
Savin also has a permanent juvenile form, the variety tamari- 
scifoiia Aiton, rvith needle-Hke leaves. Fach leaf has a depres- 
sion on its dorsal surface, below which is a large oil gland in 
the mesophyll. This oil gland is oval in young leaves but more 
elongated in old ones. 

Savin is monoecious or dioecious. The female cones have 
four ovuliferous scales and about 3 to 10 pairs of sterile bracts. 
The galbulus is blue-black, globular, and about 5 to 7 mm. in 
diameter. It has a recurved stalk, and its outer surface shows 
signs of the incomplete fusion of the constituent scales. The 
seeds are egg-shaped and vary in number from i to 4. 

Constituents. — Savin tops contain from 3 to 5 per cent, of 
volatile oil (see below) , also tannin and resin. 

Substitutes. — ^The most likely substitutes and adulterants 
are as follows : — 

J unipems phcenicea. — Shoots of this species may be 
identified by the spirally arranged leaves, which in transverse 
section show large sderenchymatous cells in the mesophyll 
(such cells are absent in J. Sabina). 
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Jmiiperus thurifera lias opposite and decussate leaves as 
in savin, but possesses sclerenckyniatous cells in tlie mesophyll 
of the leaves. 

Juniper us Virginian a, the American red cedar, is sometimes 


Fig. 68- — Juni-perus Sabina, showing different forms of leaves. (Newman.) 

known as savin in America. It is frequently cultivated in 
Europe. The leaves have stomata arranged in a transverse 
band below the oil gland, whilst in J, Sabina the stomata are 
in two longitudinal bands on either side of the oil gland. 

Cupressus sempervirens (Cypress) and Thuja occidentalis 
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(Arbor- vitse) are commonly ciiltivated in Britain. Their twigs 
may be distinguished from those of savin (w^hich have a rounded 
quadrangular shape) by their flattened shape. 


OLEUM SABIN.^ 

Source. — Oil of savin is the oil distilled from the fresh 

twigs of Juniper us Sabina. 

Characters. — colourless or pale yellow liquid with a 
characteristic, unpleasant odour, and bitterish, aromatic taste. 
S.G-. 0*907 to 0-930 ; optical rotation, +3^'^ to +63'" ; refrac- 
tive index, 1*472 to 1-480 ; ester value, 105 to 140 ; ester value 
(after acetylation), 125 to 155. 

Constituents. — ^The chief constituents are the terpene 
alcohol, sabinol, and its ester, sabinyl acetate. According to 
Schimmel (1895), the oil contains about 10 per cent, of the 
free alcohol and 40 per cent, of the ester (cf. the ester values 
before and after acetylation given above). The oil also con- 
tains a number of terpenes (sabinene, terpinene, pinene), the 
sesquiterpene, cadinene, and smaller quantities of acids, 
alcohols, aldehydes, etc. 

Sni^tute. — ^French oil of savin is frequently prepared 
from J. phcenicea and J. thurifera. It contains very little 
sabinyl acetate (ester value o to 26), and little free sabinol 
(ester value after acetylation 5 to about 40). It has a lower 
specific gravity and a lower optical rotation than the genuine 
oil. 

ITses. — Oil of savin is a powerful irritant both internally 
and externally. It has a very limited employment as a uterine 
stimulant and emmenagogue, hut has not been official in 
Britain since the B.P. of 1885. 


OLEUM CADINUM 

OhuffiCadinum, B.P. ; Pix Juniperi; Oil of Cade, Juniper Tar 
Oil ; F. Huile de Cade ; O. Kadedl 

Source. — Oil of cade is an empyreumatic volatile oil 
obtained by the destructive distillation of the woody portions 
of Jnniperus Oxycedrus. It is prepared in the South of France, 
particularly in the provinces of Card (near to Alais), Var, and 
Alp^ Maritimes. Mmes and Avignon are important centres 
for its di.stiibution. 
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Preparation. — Old wood of Jimiperiis Oxycedrus gives a 
better yield of oil than the wood of young trees. Other species 
of juniper appear to he sometimes used. In the older method 
of preparation the wood, which is cut into small billets, is 
placed in a cast-irou pot. This is then inverted over a concave 
stone slab in the centre of which is an opening fitted with a 
pipe, through which the products of the distillation pass to 
a receiver. A fire, made from the smaller branches, is made 
to envelop completely the iron pot, and a high temperature 
is maintained until the distillation is complete. The distillate 
is allowed to stand for at least fifteen to twenty days, when it 
separates into three layers : (i) a lower layer of tar ; (ii) an 
intermediate aqueous layer ; and (iii) an upper oily layer. 
The last is separated and constitutes oil of cade. 

Oil of cade is also prepared by allowing the wood to burn 
slowly for several days in a large, brick kiln. This has a sloping 
floor and a gutter to carry away the liquid products. Oil of 
cade separates from these on standing. 

If the wood of J . Oxycedrus is submitted to ordinary steam 
distillation it yields from i-6 to 3-4 per cent, of volatile oil. 
Much of this oil no doubt passes over during the destructive 
distillation described above and acts as a solvent for heavier, 
tar-like substances. 

Characters. — Oil of cade is a reddish-brown or blackish, 
oily liquid. Odour empyreumatic ; taste, aromatic, bitter, 
and acrid. It is less viscous than wood tar and has a lower 
specific gravity (0*975 to i-oio). Oil of cade is completely 
soluble in all proportions in chloroform, amyl alcohol, oil of 
turpentine, and glacial acetic acid, or in three volumes of ether. 
In cold alcohol (90 per cent.) it only partially dissolves, but 
in hot alcohol it is almost completely soluble. Water shaken 
with it remains almost colourless, but becomes acid to litmus. 
This solution gives a red colour with 3 drops of a o*i per cent, 
solution of ferric chloride. In its reaction to litmus and in the 
ferric chloride test it resembles wood tar. Among other tests 
the Pharmacopoeia gives a test for absence of pine tar oil. 

Constituents. — ^The chief constituents of oil of cade are 
two sesquiterpenes, one, cadinene, boiling at 270°-275°, and 
the other (which is present in greater amotint) at 250°— 260°. 
The oil also contains phenolic compounds (guaiacol, ethyl- 
guaiacol, cre^sol), and acetic acid and its homologues. 

Adulteration. — The name Huile de Cade vHerinaire is 
sometimes used in Prance for the upper layer which may be 
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separated from pine tar. Both this and pine tar oil, prepared 
from tar b}" distillation, are said to be used for adulteration. 

Uses. — Oil of cade has been used for veterinary purposes 
for centuries, but it was not until about 1870 that it was pre- 
scribed for skin diseases, such as psoriasis and eczema, for 
which it is now used. 


SANDARACA 

Sandarac, Gum Juniper ; F. Sandaraque ; G. Sandarac 

Source. — ^Sandarac is a resin obtained from the stem of 
CalUtris quadrivalvis, a tree 6 to 12 m. in height, which is 
found in North and North-West Africa and in Spain. It is 
collected in Africa by the natives and shipped from Mogadore, 
Casablanca, and Nazagan. 

CJollection. — ^The bark contains schizo-lysigenous cavities 
full of oleo-resin. Some of the drug is obtained by natural 
exudation, some by making incisions in the bark. The secretion 
gradually hardens and is then picked from the stem. 

Characters. — Sandarac occurs in small tears about 0*5 to 
1*5 cm., in length. These usually have an elongated, stalactitic 
or cylindrical shape, globular or pear-shaped tears (such as 
are found in mastich) being relatively rare. The surface is 
covered with a yellowish dust, but the interior is more or less 
transparent, and on holding the tears up to the light small 
insects can frequently be seen imbedded in them. The drug 
is easily pow’dered and when chewed remains gritty, showing 
no tendenc^^ to form a plastic mass (distinction from mastich). 
The drug has a faint, terebinthinate odour, which is increased 
by wraiming, and a somewhat bitter taste. It is almost com- 
pletely soluble in alcohol (90 per cent.) ; completely soluble 
(except for the insects) in dehydrated alcohol and in ether. 

Constituents.— According to Tschirch and Wolff * sandarac 
resin consists of sandaracopimaric acid (inactive pimaric 
acid) which may be obtained in acicular crystals to the extent 
of 85 per cent. ; sandaracinic acid ; sandaracinolic acid ; and 
sandaracoresene. The drug also contains a bitter principle 
and 0*26 to I ’3 per cent, of volatile oil. 

Allied Drug. — Australian sandarac, wMcli is collected in 
New South Wales, Central and Western Australia, from 

Tschirch and Wolff, Archiv. Pharm., 244 , 684 ; abstracted Y. B. Pharm. 

144. 
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Callitris verrucosa and other species, is also imported. This 
drug contains more volatile oil than the African variety and 
is therefore softer and more aromatic. The tears are usually 
larger than those from C. quadrivalvis. 

Uses. — Sandarac is used as a varnish for Hght woods, and 
in pill varnish. 

Order GNETALES 
Family EPHEDBACEiE 
EPHEDRA 

Ephedra, Ma-Huang 

Source. — ^Various species of Ephedra are used as a source of 
the alkaloid ephedrine. The Chinese ephedras. Ephedra 
sinica (Tsaopen Ma-huang) and Ephedra equisetina (Mupen 
Ma-huang), are imported in considerable quantities, but the 
alkaloid is also present in other species, e.g, in E. distachya, 
E, intermedia, and E, Gerardiana. The seeds of Sida cordifolia, 
which contain about 0-4 per cent, of ephedrine, have also been 
suggested as a possible commercial source of the alkaloid. 

The Ephedra species vary from dwarf bushes a few inches 
in height to large shrubs or even a small tree {E. triandra). 
Seventeen species are known in the Old World, six in North 
America (California, Nevada, Utah, Arizona, and Mexico), and 
eight in South America. 

History. — ^Ma-huang was known to the Chinese over five 
thousand years ago. The alkaloid ephedrine was isolated by 
Nagai in 1887, but it is only within the last decade or so that it 
has come into extensive use. 

Collection. — The drug is collected in the autumn, this being 
important as the amount of alkaloid present shows considerable 
variation at different seasons. 

The drug is imported in bales. It consists of slender, more 
or less broken aerial stems which are woody and usually 
branch only at the base. 

Characters. — The stems of the ephedras bear numerous, 
fine, longitudinal ridges. The leaves are small, connate at the 
base, and are usually in whorls of two (less commonly in 
whorls of 3 or 4) and decussate. The following notes on the 
morphology of three important Chinese species are largely 
derived from papers by Small,* Short, f and Tiu and Read.J 

* Small, Y. B. Pharm., 1928, 163. 

t Short, Y. J 5 . Pharm.y 1928, 182. 

I Liu and Read, ] . Amer. Pharm, Ass., 1929, 18 , 328. 
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(1) Ephedra sinica Stapf. (also known as E. vulgaris and 
E. vulgaris var. hclvctica). — ^The stems are about 30 cm. in 
length, ashy greyish-green in colour, and slightly rough. The 
diameter at the lowest green node is about i or 2 mm., while 
the intemodes are about 3 to 6 cm. long. The leaves, which 
are about 4 mm. long, have a subulate, recurved apex ; the 
lamina is whitish and the base reddish-brown. 

In transverse section the young stem (Fig. 6g, B) shows from 
six to ten bundles. Small groups of fibres occur below the 
ridges (9 to 20 in a group), a few groups (usually of 2 to 6) of 
fibres in the cortex and a few isolated fibres or small groups 
of 2 or 3 fibres in the pith. The pith is otherwise unlignified. 

(2) Ephedra equisetina Bunge (also known as E. monosperma 
Gmel. and F. monostachya T-.)- — ^Fhe stems are very woody and 
much branched, 25 to 200 cm. in length, smooth and ashy 
yellowish-green in colour. The intemodes are shorter than 
E. sinica, being about i to 2-5 cm. in length. The apex of 
the leaves is shorter than the cup and not recurved. The 
leaves are of a brownish-purple colour, the lower ones tending 
to go black. 

Transverse sections show that the number of bundles in 
the stem is not constant (usually about ten). The annual 
rings tend to be more pronounced than in E. sinica, and the 
outer xylem has a characteristically lobed outline.* Cortical 
and pericyclic fibres are found but no perimedullary ones. 
The pith is lignified. 

(3) Ephedra distachya. — ^The stems are slightly woody and 
branching takes place from the upper and lower parts of the 
main stem. Stems about 37 cm. long, rough and greenish- 
yellow in colour. Intemodes 2*5 to 6 cm. in length. Toaf apex 
short but acute (see Fig. 69, K), and often fissured at the base. 

The number of bundles, which is eight, is constant- There 
are no cortical or perimedullary fibres, but the pith is lignified. 

Ephedra, when dry, has little odour. The taste is slightly 
bitter. 

Constituents. — ^Ephedrine (/-ephedrine) was first isolated 
from Ephedra vulgaris {Ephedra sinica) by Nagai in 1887, and 
was synthesised by Eberhardt in 192a. The drug Ma-huang 
contains a number of closely related alkaloids. Nagai and 
Kanao f recognise five, namely, ephedrine or Z-ephedrine 
(colourless crystals, m.p. 40°, [a]^— 6*3°), ephedrine 

* Cl Small, Y. B. Pharm,, 1928, p. 165, and Fig. 6 B. 
t Nagai and Kanao, J. Pharm. Soc, Japan, 1928, 48 , loi. 
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(m.p. ii8“), /-methjiephedrine (m.p. 8 f), uor-^-isoepliedrine 
(m.p. y 8 °), and if-methvlzsoephedrine (m.p. 28°). Epiedrine 
has the formula C6Hg.CH(OH).CH(NH.CH3). CHg, and is 
therefore a-hydroxi'-jS-methylaminopropylhenzene. The 
official salt, the hydrochloride, forms colourless crystals, m.p. 
217° to 220°. 

Read and Liu * have shown that the alkaloidal content of 
ephedra is greatest in the autumn, the percentage decreasing 
to about one-third in the spring. Determinations performed 
by Read and Eeng f on Indian ephedras supplied by the 
Forestry’ Department at Dehra Dim gave the following 
results : — 

Proportion of Epkedrine 


Species. Total Alkaloid, in Total Alkaloid, 

per cent. per cent. 

E. sinica . . 1-315 80-85 

E. cqidsetina . . i '754 85-90 

E. Gerardiana . . 1-65-1-70 70-80 

E. intermedia . , I*155 30-40 


The amount of ash yielded by different ephedras is variable, 
and Read record the following : — 

Per cent. Per cent, 

E. si>nca . . Total ash 9-77 ; acid insoluble ash 2-23 
E.equisetina „ „ 6-55 „ „ „ 0-28 

E.distachya „ „ 8-20 „ „ „ 0-42 

Uses. — Ephedrine is used for the relief of asthma and hay 
fever. Its action is more prolonged than that of adrenaline, 
and it has the further advantage that it need not be given by 
injection but may be administered by mouth. 

* Read and Liu, J. Amer. Pharm. Ass., 1928, 17 , 339. 
t Read and Feng, J. Amer. Pharm. Ass., 1928, 17 , 1189. 
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Phylum ANGIOSPERMiE ; Subphylum MONO- 
COTYLEDONS 

Order GLUMIFLORiE 

A rARGE order incltiding the families Gramine^ and Cyperaceae. 
The inflorescence is large and compound, and usually com- 
posed of small spikes or spike-like cymes. The flowers are 
small, with little or no perianth, a single whorl of three stamens, 
and a one-seeded ovary. The fruit is a caryopsis or nut. 

Family GRAMBTEiE 

A family including about 500 genera, and 4,000 species. 
The members are almost universally distributed, and many 
are of great economic importance. The following yield impor- 
tant foodstuffs : Zea Mays (maize), Saccharum officinarum 
(sugar cane), Oryza sativa (rice), Avena satim (cultivated oat), 
Secale cereale (rye), Triticum sativum (cultivated wheat), and 
Hordeum sativum (cultivated barley). Grass oils are very 
largely used in perfumery, particularly for scenting soap. 
They include — Ceylon Citronella oil (from Cymhofogon nardus 
Rendle, and other species), Java Citronella oil (C. nardus), 
Lemon Grass oil (C. flexuosus and C. citratus), and oil of 
Vetivert {Vetiveria zizanioides Stapf.). 

The oat, Avena sativa, is an annual herb which will be 
familiar to all students of botany. The inflorescence is an 
open panicle of spikelets, each spikelet being stalked and 
usually consisting of two flowers with their accompanying 
palese and glumes. The lower palea bears a twisted awn. The 
fruit is a somewhat elongated caryopsis which readily separates 
from the enclosing palese and glumes. 

Oatmeal and oatmeal gruel appear to have no special 
therapeutic action but form a wholesome food. They contain 
carbohydrate, oil, and protein matter. 

15 225 
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The wheat, Triticiim vulgar e, is an annual plant with an 
inflorescence of sessile spikelets arranged in two rows on a 
jointed rachis. Each spikelet consists of three or four fertile 
flowers, the palese of w^hich are nstiall3^ without awns. A 
variet3% bearded rrheat, in which long awns are developed, 
ma^^ be distinguished from harle^^ by the shape of the spike 
and b3- the arrangement of the spikelets (see below). The 
fruit is an ovoid car^^opsis which can be separated from the 
paleae without difficult^". 

W'heat flour contains about 75 per cent, of starch, the 
characters of which are described on p. 91, and about 9—14 
per cent, of proteins. 

The barley, Hordeum disiichon, is an annual which, at first 
glance, resembles bearded wheat. The single-flowered, sessile 
spikelets are arranged alternately in groups of three on a 
jointed rachis. 0nl3r one flower of each group is fertile and 
the resulting ear is more elongated and less crowded with 
fruits than the ear of wheat. The paleae bear long awns and 
fuse wuth the caryopsis so that they cannot be removed entire. 
In addition to the tw^o-rowed barley, Hordcum distichon, four 
and six-rowed barley’s, derived from Hordettm vulgar e, are 
cultivated. 

Barley contains about 60 per cent, of starch, 7 per cent, of 
sugars, protein, and oil. Pearl barley {Hordetcm DecorticaUim, 
B.P. iflSs) is a milled and highly polished barley, rich in starch 
but relatively poor in protein. The decoction, barley water, 
has been in use since the time of Hippocrates. 


RHIZOMA GRAMINIS 

Agropyrum, Triticum ; Couch Grass, Quitch, Twitch ; 

F. Rhizome de Chiendent ; G-. Queckenwurzel 

&»urce. — The couch grass, Agropyrum repens Beauvois 
pTriticum repens Finn.), is indigenous to Kurope, hut has been 
introduced into America and is now a troublesome weed in 
both continents. The drag is collected in Kngland and in 
Germany. 

History. — Conch grass or a similar grass, perhaps Cynodon 
Dactylon, was used by the ancients as a remedy for urinary 
disorders. It has been widely used on the Continent and is 
still oflBcial in many pharmacopoeias although deleted from the 
British Pharmacopoeia. 
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CoEection and Preparation. — ^In autumn and spring the 
long slender rhizomes are removed by ploughing and harrow- 
ing. They are washed, deprived of their roots as far as possible, 
dried, and cut into small pieces. 

Characters. — The drug occurs in pieces from 4 to 12 mm. 
in length and from i to 2-5 mm. in diameter. The outer 
surface is straw-yellow in colour, glabrous, and longitudinally 
furrowed. At the nodes, which are present on some of the 
pieces, are the remains of encircling leaf-bases and root scars 
or even roots which, if undamaged, may attain a length of 
5 cm. and a diameter of 0-5 mm. 

In section * the rhizome shows a strongly lignihed epider- 
mis, a cortex of 10 to x6 rows of parenchymatous cells con- 
taining irregular masses of carbohydrate, and a number of 
leaf-trace bundles. Within the cortex lies a row of endodermal 
cells with U-shaped thickening, a ring of 10 or 12 fibro- vascular 
bundles, and 8 or 10 rows of parenchyma. The pith is broken 
or absent in the intemodes. 

Odour, slightly aromatic ; taste, sweetish. 

Constituents. — Couch grass contains about 5 per cent, of 
the carbohydrate, triticin. This substance is slightly soluble 
in water and resembles inulin in yielding fructose on hydro- 
lysis. It occurs in other graminaceous plants. Two glycosides 
have also been reported, f one of which yields vanillin on 
hydrolysis. As the epidermal cells are strongly silicified the 
ash contains much silica. A few small starch grains are 
present, but are not sufficient to cause a marked change in 
colour when a section is treated with iodine. 

Adulteration. — Small (1919) showed that there was then 
very little true couch grass on the market. Bermuda grass or 
dog grass {Cynodon Dactylon Persoon) being substituted. 
The rhizome of this grass, which is said to resemble couch 
grass in medicinal properties, may be easily distinguished from 
the genuine drug by the fact that its section is blackened by 
solution of iodine owing to the presence of abundant starch. 

Order SPADICIFLOR^ 

The plants included in this order are herbs, shrubs, and 
trees belonging to the fa m ilies Palmse, Aracese, and Temnacese. 
Speaking generally the Palmse are trees, the Aracese are large 

* Cf. Th-oms, Handhuch der Pharmazie, V, p. 480, Fig. 296. 

t Alsberg, Viehover, and Yewey, J. Amer. Pharm. Ass.^ I9i9» 4^. 
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herbs or shriibs of ver\" varied habit, and the hemnacese are 
small aquatics. The iiidorescence consists of a spike or spadix, 
which is generally enclosed in a large bract or spathe. The 
flowers are small, unisexual or bisexual. Perianth absent or, 
if present, not petaloid. The ovary is superior and the fruit 
usually a beriy, drupe or nut. 

Family’' PALM.3E 

A family of about 140 genera and 1,200 species. Widely 
distributed in the tropics and subtropics. Mostly trees with 
an unbranched stem bearing a crown of large, often branched, 
leaves. The flowers are usually unisexual and regular, consist- 
ing of two trimerous whorls of small perianth leaves, six 
stamens, and three superior carpels. The carpels may be free 
or united and develop into a berry, drupe or nut. The seeds 
contain a very small embryo but abimdant endosperm. 

The following species are of economic importance : 
Phcenix dactylijera (the date palm), Sere 7 icBa somdata (the fruit 
of which forms sabal or saw palmetto), Metroxylon Rumphii 
(sago), Dmmonorops spp. (dragon’s blood), Areca Catechu 
(betel nuts), Elceis gnineensis (palm oil). Cocos nucifera (coco- 
nut), Phytelephas spp. (vegetable ivory), and Copernicia ccrifera 
(camauba wax). 


SANGUIS DRACONIS 

Dragon’s Blood ; F. Sang-dragon ; G. Drachenblut 

Source. — ^Dragon’s blood of present-day commerce, better 
described as Fast Indian dragon’s blood, is a red resin prepared 
from the fruits of various species of Dcemonorops, particularly 
D^Btnonorops propinquus and D. ruber. These are palms, 
found in Sumatra, Borneo, the islands of the Sunda chain, 
and in Penang, which climb by means of very long flexible 
stems and thorny leaves. 

BQstory. — The dragon's blood known to Dioscorides and Pliny 
was produced in Socotra, and appears to have been obtained 
from a liliaceous plant, Draocena Ombet. Farly writings on 
the Fast Indies contain no mention of the -drug of present-day 
commerce, and the drug used by the Chinese was the African 
product. The first clear account of the production of dragon’s 
blood in the Fast Indies (Palembang) was given by Rumphius 
in 1747. 
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Collection and Preparation. — Tlie triloctilar ovary develops 
into a one-seeded fruit about the size of a large cherry, which 
is surrounded by a layer of hard, imbricate scales. When 
mature the scales can hardly be seen as they are thickly coated 
with red resin. The fruits are gathered, and shaken or beaten 
in a sack ox basket to separate the resin. The latter is sifted 
to remove fruit scales, etc., and is softened, either by exposure 
to the sun or by the vapour from boihng water. While soft 
it is made into lumps, flat cakes, or sticks. According to 
Treub (1891), it is generally mixed with the milky juice of 
Garcinia parviflora (Guttiferse). 

Characters. — ^Dragon’s blood occurs in flattened or rounded 
masses ('‘saucer’' and '‘lump” dragon's blood), sometimes 
several pounds in weight ; also in cylindrical sticks (“ reed ” 
dragon’s blood) from 20 to 30 cm. long and from 1*5 to 3-0 cm. 
in diameter. The drug is imported in cases, the " saucer ” 
wrapped in leaves, the lump in sacking or reed matting, and 
each stick of reed ” in a leaf of a fan-palm of the genus 
Licuala, 

Good samples of the drug are homogeneous and dark red 
in colour, but inferior samples, which are known as " seedy ” 
dragon’s blood, are heterogeneous and paler in colour since 
they contain a considerable quantity of the fruit scales. The 
exterior of the lumps frequently shows marks left by the sacking 
or matting, and where they have rubbed against one another 
the surface is covered with a crimson powder. The drug has 
little odour or taste. 

Constituents. — ^According to Tschirch,* dragon's blood 
consists of a red resin (dracoresin), about 56*8 per cent., which 
is a mixture of esters derived from a resin alcohol (dracoresino- 
tannol) and benzoic and benzoylacetic acids ; a bright yellow 
amorphous resene (dracoresene) , 13*58 per cent. ; a white 
amorphous substance (draco-alban) , 2-5 per cent. ; insoluble 
vegetable debris, 18*4 per cent. ; and ash, 8-3 per cent. 

In commercial samples the insoluble vegetable and mineral 
matter frequently exceeds the percentages given above, 
and from 40 to 50 per cent, of alcohol-insoluble matter is not 
uncommon. 

Allied Drugs. — The “Bast Indian” drug described above 
is the only one now commonly met with in commerce. Soco- 
trine dragon's blood ('‘ Zanzibar drop ’'), the product of 


* Tschircli, Havze und Harzh&hdlUr, 1900, p. 1S9, 
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Dracerna Omhet, and West Indian dragon’s blood, from Piero- 
carpus draco, are now rarel^^ seen. 

Uses. — ^Dragon s blood is used for colouring mahogany 
varnishes, for staining marble, and in the preparation of 
lacquers and dentifrices. 

ARBCM SEMINA 

Areca Nat, Beiel Nut; F. Noix P Area ; Q. Arekaniise, 

Betelniise 

Source. — ^Areca nuts are the seeds of Areca Catechu, a 
feather-palm 15 to 17 m. high, which is cultivated in tropical 
India, Ceylon, the Malay States, South China, the East Indies, 
the Philippine Islands, and parts of East Africa (including 
Zanzibar and Tanganyika). Earge quantities are exported 
from Madras, Singapore, Penang, and Ceylon. 

History. — ^Areca 'was known in China under the name pin- 
lang {probably a corruption of the Malay name for the tree 
phmng) from at least 100 b . c . Immense quantities have been 
consumed in the East from very early times in the form of a 
masticatory kno-wn as betel, which consists of a mixture of 
areca nuts, the leaves of Piper Belle, and lime. The value of 
areca as a tenicide was also known in the East and, after suc- 
cessful trials by European physicians, it was included in the 
Additions to the B,P, jSdy, published in 1874. 

CoilcKition and Pxeparatioii. — The unilocular ovary, contain- 
ing a single anatropous ovule, develops into an orange-yellow, 
egg-shaped fruit about 5 cm. in length, which is crowned with 
the remains of the stigmas. The thick pericarp is fleshy when 
young, but later develops into longitudinally running fibres, 
the outer region being composed of finer fibres than the inner. 
Within the pericarp lies a single seed, with an ill-defined testa, 
which partly adheres to the pericarp. The fruits, of which 
about 100 are annually borne on each tree, are detached by 
means ol bambcw poles, and the seeds extracted. The latter, 
before exportation, are usually boiled in water containing 
lime, and dried. 

Characters. — ^The areca nut is about 2*5 cm. in length and 
rounded conical in shape. Patches of a silvery coat, the inner 
layer of the perica^, occasionally adhere to the testa. The 
deep brown testa is marked with a network of depressed 
fa^-<mloured lines. The seed is very hard, has a faint odour 
when broken, and an astringent, somewhat acrid taste. 
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Sections of tlie seed show dark brown, wavy lines (folds of 
testa and perisperm) extending into tbe lighter-coloured interior 
(niminate endosperm). At the flattened end of the seed is a 
small embryo. If the folds mentioned above are examined 
microscopically it will be seen that each contains a vascular 
bundle, which is surrounded by a thin layer of perisperm. 
These bundles anastomose and form the reticulations visible 
on the outside of the seed, later joining the fibro- vascular 
bundles of the funiculus. 

Constituents. — ^Areca contains a number of alkaloids which 
are reduced pyridine derivatives. Of these, arecoline (methyl 
ester of arecaine) , arecaine (N-methyl guvacine) , and guvacine 
(tetrahydronicotinic acid) may be mentioned. Only arecoline, 
which is present to the extent of o*x to 0*5 per cent., is medi- 
cinally important. Bther extraction yields about 14 per cent, 
of fat, consisting mainly of the glycerides of lauric, myristic, 
and oleic acids. A subsequent extraction with alcohol yields 
about 15 per cent, of amorphous, red tannin matter (areca 
red) of phlobaphene nature. 

ITses. — Powdered areca is used as a vermifuge for dogs. 
Areca charcoal, which is very hard, is sometimes used in 
dentifrices. Arecoline hydrobromide has been used for colic 
of horses, and in human medicine as a tenicide and as a 
myotic. 


Order LILIIFLOR^ 

An order of six famihes, including the L-iliacese, Amarylli- 
dacese, and Iridaceae. Mainly perennial herbs having a bulb, 
corm or rhizome. The flowers are hermaphrodite, regular or 
zygomorphic, and of the floral formula P 3+3, A 3+3, or 
3-f-o, 0(3). In the families considered below the perianth is 
petaloid ; the ovary superior (Tiliaceae) or inferior (Iridaceae) ; 
and the fruit a capsule or berry. 


Pamily TiTLIACEIflB 

A widely distributed fa mil y of about 200 genera and 2,600 
species. Mostly perennial herbs with a rhizome or bulb. 
The flowers usually have six stamens, and a superior (rarely 
semi-inferior) trilocular ovary with numerous anatropous 
ovules attached to axile placentas. The fruit is a loculicidal 
or septicidal capsule, or a berry. 
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Of the eleven subfamilies recognised by Engler the follow- 
ing contain medicinally important species : — 

Subfamily Melanthioidese, Vcratrum spp. (white hellebore 
rhizome and American veratrum) ; Colchicum autumnale 
(colchicum conn and seeds) ; Schcenoc anion officinale (cevadilla 
seed). 

Subfamily Asphodeloidese, Aloe spp. (aloes). 

Subfamily Iiilioideae, Urginea spp. (urginea a,nd squill). 

Subfamily Asparagoideae, Convallaria majalis (lily of the 
valley flowers). 

Subfamily Smilacoidese, Smilax spp. (sarsaparillas) . 

Owing to the close similarit3^ betw^een the American and 
European veratrums these drugs will be considered together. 

VERATRI VIRIDIS RHIZOMA 

Americmi Yeratrnnij American Hellebore, Green Hellebore ; 

E. Veratre Vert ; G. Gruner Germer 

VERATRI ALBI RHIZOMA 

White Hellebore ; E. Racine dHllehore Blanc ; G. Weisse 
Nieswnrzel, Germer 

Source. — ^American hellebore consists of the dried rhizome 
and roots of Veratrum viride Aiton, a plant found abundantly 
in damp situations from Canada to Georgia, where it is often 
known as swump hellebore. The drug is chiefly obtained from 
North Carolina, Virginia, Illinois, and Michigan. 

Vliite hellebore consists of the dried rhizome and roots of 
Verairum album Einn. It is found in Central and Southern 
Europe in mountainous but well-watered surroundings, and 
throughout Northern Asia to Japan. 

The two drugs and the plants yielding them resemble one 
another very closely, but in spite of a close histological, 
chemical, and toxicological resemblance they are usually 
regarded as distinct species. 

BSstory. — The North American Indians appear to have 
been long aware of the therapeutic activity of the American 
drug, and it was employed by the early European settlers. Its 
use spread to England about 1862. In Europe the closely allied 
white hellebore had long been used, and had been official in 
all the Eondon Pharmacopoeias until the American drug 
replaced it in the Pharmacopoeia of 1867. 



LILIACE.^ 


2SS 

Collection and Preparation. — The rhizome is dug up in the 
autumn. It is deprived of its leaves and occasionally also of its 
roots, and is frequently sliced longitudinally to facilitate drying. 
The drug requires thorough diydng and careful storage. 

Characters. — Rhizomes, if entire, from 2 to 7 cm. in length. 
Externally yellowish-brown to brownish-black. At the crown 
are the remains of closely arranged leaves, the parenchyma of 
which has frequently perished, leaving the fibro-vascular 
bundles. The roots are numerous and almost completely cover 
the rhizome if they have not been cut off. The removal of the 
roots is an unnecessary procedure since they are quite as 
active as the rhizome. Entire roots are from 3 to 8 cm. in 
length and from i to 4 mm. in diameter. They are much 
shrivelled in the American drug. The American rhizomes are 
more frequently sliced longitudinally than the European ones, 
but samples vary greatly in this respect and little reliance can 
be placed on this feature. 

Sections show an outer brownish corky layer, a parenchy- 
matous cortex containing raphides of calcium oxalate, and a 
well-marked endodermis. The fibro-vascular bundles lie in 
irregular circles throughout the stele and central pith. Leaf- 
trace bundles and root bundles are found in the cortex. 

Constituents.— In spite of numerous investigations on the 
constituents of the V, virid& and V, album, their chemical 
identity remains in doubt, and a further examination of both 
plants seems desirable. Both contain about 0-5 to i per 
cent, of alkaloids. These include jervine (Wright and Luff, 
1878), protoveratrine (Salzberger, 1890), pseudojervine, rubi- 
jervine, and possibly cevadine.* These alkaloids vary in 
toxicity and no one of them appears to exert the same action 
as the whole drug. Veratrum preparations require a bio- 
logical method for their assay. Both species contain about 
25 per cent, of resin. 

Uses. — The veratmms are now seldom prescribed in Britain. 
White hellebore is used to a limited extent for the destruction 
of pediculi and moths. 

* Cevadine (ciystalline veratrine) is an alkaloid found in cevadilla seeds 
{Schmnocaulon officinale). It has been reported in V. album and V. vifide 
(traces), but its presence requires confirmation. Schcenocaulon belongs to 
the same liliaceous subfamily as Veratrum. 
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COLCHICUM AUTUMNALE 

AtiiamH Crocus, Mcadou' Saffron; F. Colchique ; G. Zeitlose 

Source. — ^The genus Colchicum consists of some thirty 
species, one of which, Colchicum autumnale, the autumn crocus, 
is indigenous to Britain. It is found in England, particularly 
in damp meadows in limestone districts, and in Ireland. 
Colchicum grows also in Central and Southern Europe and in 
North Africa. In the U.S.A. colchicum culture has been 
attempted but with a limited amount of success. 

History. — Dioscorides 'was aware of the poisonous nature 
of a Colchicum wEich may or may not have been the species 
now" used in medicine. The genus derives its name from 
Colchis on the Black Sea, one of the places where this plant 
is found. The drug w'as recommended in Arabian writings 
for use in gout, but it rvas little employ^ed either in classical or 
mediaeval times owdng to the wholesome fear inspired by its 
poisonous properties. Colchicum corm appeared in the London 
Pharmacopoeias of i6i8, 1627, 1632, and 1639. "tlien 

deleted but reappeared in the edition of 1788. The uncertain 
action of the corm led Br. W, H. Williams, of Ipswich, to 
introduce the use of the seeds about 1820, and these were 
admitted to the Pharmacopoeia of 1824. 

Characters. — Colchicum plants should be dug up at different 
seasons and carefully examined. The corm consists of an 
enlarged underground stem bearing foliage leaves, sheathing 
leaves, and fibrous roots. If the plants are examined in the 
latter part of the summer it will be found that a new corm is 
developing in the axil of a scale leaf near the hase of the old 
corm, the new plant occupying an infolding in the side of the 
parent corm. In September the parent corm bears the remains 
of recently withered leaves and is very much larger than the 
daughter corm. For medicinal purposes the corm would have 
been collected shortly after the withering of the leaves (B.P. 
** early summer ”), and before the enlargement of its axial 
bud. The corms are surrounded hy a dark, membraneous coat. 
The young corm develops fibrous roots at its base, and in 
Augmt or September from two to six flowers emerge from it, 
but its foliage leaves do not appear above ground until the 
following spring.* The flowers are from 10 to 12 cm. long. 

* Students are sometimes inclined to think that the development of 
foliage leaves precedes flowering ,* the reverse, however, is the case, since 
the leav^ appearing in the spring of 1938 do not belong to the corm which 
hears flowers in the antnmn of that year. 
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Each has six stamens and a perianth consisting of six lilac or 
pale-purple segments which fuse into an exceptionally long 
perianth tube, at the base of which lies the superior ovary. 
More than half the length of the flower is below ground and the 
fruit lies protected throughout the winter by the surrounding 
corm and earth, fl^he fruit is a three-lobed, three-celled, 
septicidal capsule, which is carried above ground in the spring 



Fig. 70 . — ColcMcum autumnale. A, flowering- plant ; B, leaves and ripe 
capsule ; *C, longitudinal section through, the corms in autumn ,* D, 
longitudinal section of seed ; E, elements of the powdered corm. i, 
hilum ; 2, strophiole ; 3, embryo. (After Thoms, Handbuch der 

Pharmazie.) 


by the expanding leaves. The fully grown leaves are radical, 
linear-lanceolate, and about 12 cm. long. During these changes 
the daughter corm has been growing at the expense of the 
parent, which now gradually perishes. Before doing so, how- 
ever, it may produce in its second spring one or more small 
conns, by means of which the number of plants may be 
increased. 
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COLCHICI CORMUS 

Colchicum Corni, B.P.; Y. Bulhe de Colchique ; 

G. Zeitlosejiknollejt 

CoUectioii and Pxepaxation. — The corms of ColcJiicmn autum- 
nale are collected in the early summer, usually in July. There 
is no doubt that the constituents var>^ considerably’’ at different 
periods of the y’ear, and may be modified by the climate and 
soil in which the plants are grown. The corm may be used in 
the fresh state or dried. Much dried corm is produced in 
Holland and in Italy. The corms are cut into thin transverse 
slices, which are thoroughly dried on paper or perforated trays 
at a temperature not exceeding 65°. During drying the corms 
lose about 70 per cent, of their weight. The outer membranes, 
if not removed before slicing, are separated by winnowing. 

Macroscopical Characters. — Fresh corms are roughly conical 
in shape, from 3 to 5 cm. in height and from 2 to 3 cm. in 
diameter. One side is rounded and the other, on which the 
daughter corm develops, somewhat flattened. The corm is 
covered with a double, membraneous coat, the outer being 
bright brovTi in colour and the inner reddish-yellow. The 
interior is fleshy and starchy, and when cut yields a bitter, 
starch-containing juice of disagreeable odour. 

The dried drug consists of somewhat reniform, transverse 
slices, and occasional more ovate longitudinal slices, about 
2 to 5 mm. thick. The epidermal surface is cinnamon-brown 
and slightly wrinkled. The interior is white and starchy and, 
if carefully smoothed, shows scattered fibro- vascular bundles. 
The drug breaks with a short mealy fracture. The odour is 
much less marked than in the fresh drug. Taste bitter. On 
treating the drug with 60 to 70 per cent, sulphuric acid or with 
hydrochloric acid a yellow colour, due to the presence of 
colchicine, is produced. 

Microscopical Characters. — ^Microscopical examination shows 
numerous starch grains contained in parenchyma, some simple 
but the majority consisting of from 2 to 7 components. Indi- 
vidual grains are from 3 to 30/x in diameter, and show a tri- 
angular or star-shaped hilum. Their shape varies from 
spherical or ovoid to polygonal. Vessels with a spiral or 
annular thickening and portions of brownish epidermis with 
very occasional circular stomata may also he seen. 
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Consfcitxients . — The chief active constituent is colchicine, an 
alkaloid which is usually present in the dried corm to the extent 
of 0-25 to o*6o per cent. As mentioned above, the corm varies 
in activity according to the season at which it is collected and 
probably also according to climate and soil, and it is reported 
that peasants in certain parts of Austria use the corms col- 
lected in autumn as food. Corms collected in April are more 
bitter than those collected in July. 

Colchicine is an amorphous, yellowish- white alkaloid, which 
darkens on exposure to light and gives a deep yellow coloura- 
tion with strong mineral acids. It is hydrolysed by boiling 
with dilute mineral acids or alkahs yielding methyl alcohol 
and colchiceine (acetyltrimethylcolchicinic acid). The latter 
compound on further treatment with hydrochloric acid yields 
colchicinic acid. Colchicine readily dissolves in water, alcohol, 
or chloroform, but is only slightly soluble in ether or petro- 
leum spirit. It is a feeble base, yielding an aqueous solution 
which is neutral to litmus, and it may be extracted from either 
acid or alkaline solution by means of chloroform. When using 
chloroform for the assay of eolchicum preparations care must 
be taken to remove all the chloroform before weighing, since 
the alkaloid forms a crystalline compound of the formula 
^22^25^06, 2CHCI3. It is interesting to note that colchicine 
has been found in GloHosa superha, a plant which also belongs 
to the subfamily Melanthioideae. 

Uses. — Colchicum corm is used to relieve gout, but it may 
cause gastro-intestinal irritation and must be used with con- 
siderable caution. 


COLCHICI SEMEN 

Colchicum Seed., B.P. ; F. Semence de Colchique ; 

G. Zeitlosensamen 

Collection and Preparation. — Colchicum seeds are the seeds 
of Colchicum autumnale which are collected when ripe, usually 
about the end of J uly or the beginning of August, and dried. 
Supplies are derived mainly from the Continent. It is said 
that the seeds do not mature in plants cultivated in (ir3^ soil. 

Macroscopical Characters. — Colchicum seeds are ovoid or 
globular in shape and from 2 to 3 mm. in diameter. They are 
extremely hard and have a reddish-brown, minutely-pitted 
testa. During drying the seeds darken in colour and become 
covered with a sugary exudation. The seed, as in most Tiliacese, 
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develops from an anatropons ovule. From a slight projec- 
tion at the hilum there extends for about .one quarter of the 
circumference a well-marked strophiole. This is an outgrowth 
of the testa somewhat resembling the caruncle found in a castor 
seed. The small erabr\'o lies at the end remote from the hilum 
embedded in horny endosperm (Fig. 70). 

Microscopical Characters. — ^jVIicroscopical examination shows 
that the testa consists of somewhat thick- walled, reddish-brown 
parenchyma ; that the endosperm cells have pitted walls and 
contain fixed oil, and aleurone grains 3 to 15^ in diameter ; and 
that the strophiole contains starch. 

Constitueiits. — Colchicum seeds usually contain rather more 
colchicine than the corm, the percentage varying from 0*2 to 
0*8 per cent. The British Pharmacopceia specifies not less than 
0-3 per cent, of colchicine for the seeds, and not less than 
0*25 per cent, of colchicine for the dried corm. 

Colchicum seeds also contain a resin (colchicoresin) , fixed 
oil (up to 8 per cent.), reducing sugars (up to 5 per cent.), 
proteins, starch, and mineral matter. They yield about 
3 per cent, of ash. 

Uses. — Colchicum seeds are used for the same purposes as 
the corm. 

ALOE 

Aloes ; F. Aloes ; G. Aloe 

About 160 species of Aloe are known. Most of them are 
indigenous to Africa, but some have been introduced into the 
East and West Indies and Europe. The aloes are typical 
xerophytes with fleshy, strongly cuticularised leaves, which 
are usually prickly at the margin. The genus includes her- 
baceous, shrubby and arborescent forms, the latter sometimes 
attaining a height of as much as 18 m. The inflorescence 
consists of spikes of white, yellow or red flowers which may be 
distinguished from those of the agave, Agave americana 
(AmarylHdaceae), by their superior ovary. 

The following species appear to be those from which the 
drug is mainly obtained, but the leaves of other species may 
be used to some extent. 

Aloe Perryi Baker, a species found on the Island of Socotra, 
in Eastern Africa, and in Arabia. A perennial herb with a 
stem about 15 to 20 cm. high, which bears a dense rosette 
of ^ pale green or reddish lanceolate leaves wdth marginal 
spines. Flowers turning from reddish to yellow. 
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Aloe vera I/inn. {Aloe vulgaris I^aniarck, Aloe harhadensis 
Mill., Aloe officinalis Forskal), a species indigenous to North 
Africa but cultivated in the West Indies. Stem about 30 to 
60 cm. high bearing glaucous green leaves 15 to 30 cm. in 
length with distinctly arranged spines perpendicular to the 
margin. Flowers ^’'ellow. 

Aloe chinensis Baker is considered by Engler to be a variety 
related to A . vera. The leaves are, however, shorter than those 
of A, vera and are spotted on the dorsal surface. The plant 
was introduced from China into Curasao by W. Anderson in 
1817. 

A loe ferox Miller is a 
South African species with 
a forked stem 3 to 6 m. 
high (Fig- 71). It bears a 
dense rosette of leaves and 
whitish flowers. The leaves 
are about 15 to 16 cm. in 
length and bear prickles 
at their margin and on both 
dorsal and ventral sur- 
faces. 

Aloe africana Miller 
and Aloe spicata Baker are 
tree-like species found in 
South Africa, where they 
readily hybridise with A loe 
ferox. 

Transverse sections of 
an Aloe leaf usually show 
the following zones : {a) a 
strongly cuticularised epidermis with numerous stomata 
on both surfaces; ip) a region of parenchyma contain- 
ing chlorophyll, starch, and occasional bundles of needles of 
calcium oxalate ; (c) a central region, which frequently occupies 
about three-fifths of the diameter of the leaf, consisting of 
large, mucilage-containing parenchymatous cells ; {d) a double 
row of vascular bundles which He at the junction of the two 
previous zones and have a well-marked pericyde and endo- 
dermis. The aloetic juice from which the drug is prepared is 
contained in the large, pericydic cells and sometimes in the 
adjacent parenchyma. 

The British Pharmacopoeia defines aloes as the Hquidi 



Fig. 71. — Aloe ferox Mill growing in 
Cape Province (photo by courtesy 
of Dr. I. B. Pole Evans). 
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evaporated to dr^-ness, whicii drains from tlie leaves cut from 
various species of Aloe / it is known in commerce as Cape, 
Curasao, Socotrine, or 2/anzit>ar aloes. d'iie nature of ^ke 
product depends not only on tlie plant used but on tlie way in 
whicli the juice is evaporated. Speaking generally, slow 
spontaneous evaporation gives an opaque aloes, often called 
hepatic * or liver>’' aloes, while more rapid evaporation at a 
higher temperature gives a glassy or lucid aloes. 

The chief commercial varieties of aloes, namely, Socotrine, 
Zanzibar, Cape and Cuxagao, will now he described. 



Fig. 72. — A, transverse section of an aloe leaf; B, Cape aloes in water; C, the 
same in glycerin ; D, hepatic aloes in glycerin, i, epidermis ; 2, palisade 
cells ; 3, endodermis ; 4, pericyclic cells in which the aloetic juice is 
contained ; 5, mucilage-containing cells ; 6, stoma ; 7, sclerenchyma. 

(A after H6rail, B-D after Thoms.) 

So<x>trme Aloes ; Aloes Soccotriii ; G. Sokotraaloe 

Source. — Socotrine aloes is derived from Aloe Perryi Baker 
and probably other species of Aloe. The drug is prepared in 
Bast Africa, the Island of Socotra, and Arabia and is conveyed 
by Arab tradem to Bombay. 

* Pharmacogr aphid, p. 6S4 : “The Hepatic Aloes of the old writers was 
douMl^s this rather opa^que form of Socotrine aloes ; but the term has come 
to be n»©d somewhat vaguely for any sort of liver-coloured aloes, but appears 
to 11s unworthy to be retained. Much of the opaque, so-called Hepatic 
Aloes do« not, however, owe its opacity to crystals, but to a feculent matter, 
the nature of which is doubtful.” 
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History. — ^According to legend, Socotrine aloes was known 
to the Greeks as early as the fourth century b.c., and Greek 
colonists were sent to the Island by Alexander the Great 
solely" to preserve and cultivate the aloe plant. The drug was 
apparently known in [England in the tenth century, and from 
the seventeenth-century records of the Bast India Company 
it would appear that they frequently purchased the whole 
stock of aloes of the Kang of Socotra.'^ 

Collection and Preparation. — Socotrine aloes is obtained by 
allowing the juice from the cut aloe leaves to drain into a 
goat’s or sheep’s skin, where it is allowed to evaporate spon- 
taneously. After about a month the viscous product is known 
as Jdyef Gesheeshah, and when it has hardened still further 
Jdyef KasahuL The still damp product is brought by Arab 
traders, via the Red Sea ports or Zanzibar, to Bombay. The 
drug arrives from Bombay in barrels, kegs, tins, or skins. It 
is usually somewhat pasty and is dried in a warm room on 
wooden trays until the moisture content has been sufficiently 
reduced. The official drug loses, when dried at ioo°, not more 
than 10 per cent, of its weight. 

Characters. — Socotrine aloes occurs in masses of varying 
size and shape. The colour is usually yellowish-brown to 
blackish-brown. The drug is opaque and breaks with an 
uneven, somewhat porous fracture. 

Socotrine aloes has a characteristic odour which some 
writers have described as “ almost fragrant,” while others 
describe it as unpleasant.” * Aloes has a bitter, nauseous 
taste. 

Powdered Socotrine aloes, if examined under the micro- 
scope (Big. 72) in a glycerin, lacto-phenol, or ohve oil mount, 
shows numerous, minute crystals of aloin embedded in trans- 
parent yellowish-brown masses of resin. When examined in 
polarised light with crossed nicols hepatic aloes {e.g. Socotrine) 
show shining, needle-like crystals of aloin embedded in an 
amorphous resinous mass, whilst vitreous aloes {e.g. Cape) 
contain no crystals and remain dark. 

Zanzibar Aloes ; F. Aloes de Zanzibar ; G. Zanziharaloe 

Zanzibar aloes is often regarded as a variety of Socotrine, 
but the differences between the two varieties may be due to 

“ The odour of aloes is a character which is much depended on by 
dealers for distinguishing the different varieties, but it can only be appre- 
ciated by experience, and certainly cannot be described " {JPharmtzcagraphia) 
16 
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tlie use of different species of Aloe as well as to differences in 
the method of preparation. The drug is packed in leaves 
(Fig. /JA) or skins (the so-called “ monkey skins-'’) which are 
probably derived from carnivorous animals or ungulates such 
as the gazelle. The skins and their contents, each weighing 
about 30 to 40 lb., are packed in cases and reach kondon 
from the East Coast of Africa via Bombay. 

Zanzibar aloes, when first imported, is usually somewhat 
hrnier than the Socotrine. It has a liver-brown colour, is 
opaque and breaks with a smooth waxy fracture. The odour 




Fig, 73 a. — Piece of Zanzibar aloes 
paxked in leaf. 


Fig. 73 b, — “ Monkey-skin aloes, 
P.L.A. {Chemist and Druggist), 


is generally considered to be fairly pleasant, but the taste is 
bitter and disagreeable. Zanzibar aloes sometimes closely 
resembles the Curagao variety, although the odour is different 
and, if pieces of skin and leaf are absent, chemical tests 
may be necessary to establish its identity. Tor powder, see 
P- 97* 


C^pe Alo^ ; F. Aloes du Cap ; G. Kapaloe 

Source. — Cape aloes is obtained from Aloe ferox, Fig. 71 and 
hybiidb of this spedes with Aloe afticana and Aloe spicata. 
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History. — Cape aloes has been exported since about 1780. 
xA-lthough now official, this variety was not included in the 
B.P. 1914, but was much used in veterinary practice and on 
the Continent. 

Collection and Preparation.* — “ a hole is dug in the ground about 
20 ins. in diameter and 6 ins. deep. This is lined with canvas or goat 
skin. The leaves are cut from nearby Aloe trees and about 200 to 250 
of these are arranged with their cut ends about the hole in such a way 
that the juice, as it exudes, falls straight into the canvas. That is, the 



Fig. 74. — Collection of juice from leaves of Aloe ferox (photo by courtesy of 
Dr. I. B. Pole Evans). 

leaves overlap each other at the cut end and gradually taper towards 
the top in the shape of a pyramid. In favourable weather the leaves 
are exhausted in about six hours. 

* Being unaware of any more recent account of the preparation of Cape 
aloes than that quoted by Hanbury in the Pharmacographia from a letter 
dated 1871, one of my former students, IMr. J. H. Farrer, made inquiries 

which show that the earlier account is still substantially correct. For the 
information quoted above and the photographs reproduced in Figs. 71 and 74 
I am indebted to the Principal Botanist and to the Chief of the Division of 
Plant Industry of the Union of South Africa. As far as can be ascertained 
the drug has not yet been marketed in England in the form of the briquettes 
mentioned above. Any information on this point would be welcomed. 
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Tlie juice is then transferred from the canvas to a drum or paraffin 
till ill which it is toiled for four to five hours on a medium fire, stirring 
c'oiitiiiiioiisly. To prove the * Aloes,’ a little is taken out with the 
stirrer from' time to time, and when it is brittle on cooling the aloes is 
of the pro|ier grade. I might add that even when of the proper grade, 
and packed in tins or cases, sun and moisture tend to make it soft 
again. If poured into wooden moulds, which on cooling would give 
oblong briquettes weighing ^ lb. and these briquettes are immediately 
wrapped in butter paper or tinfoils and packed into a sealed tin or 
lead-lined container, then there is the least chance of .damage or 
snoilntion in transit. . . . 

“ . . . For England and the Continent of Europe it is packed in 
yeiloW”Wood cases weighing about 250 lb. gross each. The practice 
In the IMossel Bay district is for owners to let out the tapping to poor 
whites or colour^ labourers for a ro^mlty^ of 25 per cent, of the pro- 
ceeds. Although plants may be tapped at any season of the year, yet 
in times of drought or in windy weather the juice vdll not flow. The 
optimum time to tap is a few days after rain.” 

Characters. — Cape aloes is packed in cases of 4, 2, and i 
cwt. and in tins containing 56 lb. Two of the latter are often 
packed in a case. The drug occurs in dark-brown or greenish- 
brown, glassy’ masses. Tidn fragments have a deep olive 
colour and are semi-transparent. The powder is greenisb- 
yellow and w’hen pieces of the drug have rubbed against one 
another patches of pow^der are found on the surface. The 
drug has a very characteristic, sour odour (the so-called 
rhubarb or apple-tart odour), which is particularly noticeable 
if one breathes on the drug before smelling. Taste, nauseous 
and bitter. The powder when examined under the microscope 
in lacto-phenol is seen to be amorphous (see Fig. 72). 

Curasao or Indian Aloes ; F. Aloes de Curagao ; 

G. Curagaoaloe 

e. — Curasao aloes is obtained from Aloe cMnensis 
Baker, Aloe vera Finn., and probably other species of Aloe. 

History. — The drug was produced in Barbadoes, probably 
from Aloe vera, as early as 1650, and it appeared in European 
commerce about 1693, For many years the plants were 
systematically cultivated in Barbadoes and in 1843 no fewer 
than 4227 gourds, each containing 20 to 60 lb., were exported. 
Cultivation in this island has now almost ox completely lapsed, 
the export for the years 1893-1902 amounting to only ;^35. 
The drug, which is still often c^ed Barbadoes aloes, comes 
from the Butch Islands, Curagao, Aruba, and Bonaire, which 
lie some 50 miles from the coast of Venezuela. 
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CoHection and Preparation. — The method used in both Bar- 
badoes and Curasao is described by Flnckiger and Hanbury * 
as follows : — 

Tile cutting takes place in March and April, and is performed in 
the heat of the day. The leares are cut off close to the plant, and 
placed very quickly, the cut end downwards, in a V-shaped wooden 
trough, about 4 feet long and 12 to 18 inches deep. This is set on a 
sha^ incline, so that the juice which trickles from the leaves very 
rapidly flows down its sides, and finally escapes hy a hole at its lower 
end into a vessel placed beneath. No pressure of any sort is applied 
to the leaves. It takes about a quarter of an hour to cut leaves enough 
to fill a trough. The troughs are so distributed as to be easily accessible 
to the cutters. Their number is generally five ; and by the time the 
fifth is filled, the cutters return to the first and throw out the leaves, 
which they regard as exhausted. The leaves are neither infused nor 
boiled, nor is any use afterwards made of them except for manure. 

When the vessels receiving the juice become filled, the latter is 
removed to a cask and reserved for evaporation. This may be done 
at once, or it may be delayed for weeks or even months, the juice, it 
is said, not fermenting or spoiling. The evaporation is generally 
conducted in a copper vessel ; at Ihe bottom of this is a large ladle, 
into which the impurities sink, and are from time to time removed as 
the boiling goes on. As soon as the inspissation has reached the proper 
point, which is determined solely by the experienced eye of the work- 
man, the thickened juice is poured into large gourds or into boxes, and 
allowed to harden." 

Characters. — Curagao aloes in gourds is onl^^ seen in 
museums, the drug being now imported in spirit cases, each 
containing about 130 lb. The drug is usually opaque, but a 
semi-transparent form, known as Capey Barbadoes,’" is also 
imported. The latter becomes more opaque on keeping, 
probably owing to slow crystallisation of aloin. Typical 
Curagao aloes varies in colour from yellowish-brown to choco- 
late-brown, but poorer qualities, which have been overheated, 
may be almost black. The drug breaks with a waxy fracture, 
and although the experienced may distinguish it from Zanzibar 
by its appearance and odour, others may prefer to rely on 
chemical tests, especially if the amount of drug supplied for 
identification is small. 

Chemical Tests for Aloes 

(a) General Reactions. — For the following tests boil 1 G. 
of drug with 100 ml. of water ; add a little kieselguhr and 

* Pharmacograpkia, p. 682. The production of Barbadoes aloes was also 
described by W. G. Freeman in a lantern lecture, which is reported in the 
P,J., 190S, Dec. 12, 768. 
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filter. Use separate portions of the filtrate for the following 

tests : — 

1. Sckanteten's Reaction, — To 5 ml. of solution of aloes add 
0-2 G- of borax and beat until dissolved. Pour a few drops of 
the liquid into a test-tube nearly full of water. A green 
finorescence is produced the origin of which is discussed below 
under Constituents. 

2. Bromine Test. — ^To 2 ml. of solution of aloes add 2 ml. 
of freshly prepared solution of bromine. A pale yellow pre- 
cipitate of tetrabromaloin is produced. This test is not 
specific for aloes (see also p. 676). 

(5) Special Eeactions. — i. Nitric Acid Test. — To 5 ml. of 
solution of aloes add 2 ml. of nitric acid. Cape aloes gives a 
brownish colour rapidly changing to green ; Curasao a deep 
brownish-red ; Socotrine a pale brownish-yellow ; and Zanzi- 
bar a yeUowish-brown colour. Nitric acid may be applied 
direct to the powdered drugs with similar results. 

2. Nitrous Acid Test. — This test, which appears to be 
specific for drugs containing fsobarbaloin, is described on p. 677. 

3. Klunge’s Isoharbaloin Test. — To 20 ml. of an aqueous 
I in 200 solution of aloes add a drop of saturated copper sul- 
phate solution, followed by i G. of sodium chloride and 
10 ml. of alcohol 90 per cent. With Curasao aloes a wine- 
red colour is developed, which persists for at least twelve 
hours. With Cape aloes a lesser colouration may develop, 
which, however, rapidly fades to yellow. Zanzibar and Soco- 
trine aloes give no colour. The appearance of the red colour 
may be hastened by warming. 

4. Borntrdgers Test. — Shake 10 ml. of aloes solution with 
10 ml- of benzene for i minute. Separate the benzene solution 
and shake it with dilute solution of ammonia. The alkaline 
solution is coloured pink or cherry-red when Curasao, Zanzibar, 
or Scxrotrine aloes are used- Cape frequently only gives a 
brown colour, and Natal (no longer a commercial article) no 
reaction. The test is said to be due to the presence of aloe- 
emodin. 


Constitamis 

Aloes contains glycosides, known as the aloins, and resins. 
The glycosides of different varieties were formerly known as 
barbaloin, socaloin, and capaloin, but the name barbaloin is 
now applied to a pale-yellow, crystalline glycoside found in 
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all varieties (lyeger, 1907). The name aloin is applied to a 
mixture of the crystalline glycosides the preparation of which 
is described by Barrowcliff and Carr * as follows : — 

For the preparation of aloin powdered Barbadoes aloes is dissolved 
in 9 to 10 times its weight of boiling water. The solution is acidified 
with sulphuric acid, allowed to cool and filtered from resinous matter. 
The bright filtrate is neutralised and evaporated down in vacuo until 
it has a volume of about one gallon for each five pounds of aloes taken. 
It is then allowed to cool, a few crystals of aloin are added, and it is 
allowed to stand. When crystallisation is completed, the crystals 
which have separated are filtered off, and washed with a small quantity 
of diluted alcohol. They are recrystallised from dilute ethyl alcohol 
or from methyl alcohol. The yield is, according to the quality, 10 to 20 
per cent, of the weight of aloes taken." 

Aloin was first isolated by T. and H. Smith of Edinburgh 
in 1851, from Barbadoes aloes. Tilden (1875) gave it the 
formula C16II19O7, hut the investigations of T^er (1903) 
caused him to suggest C21H20O9. Jowett and Potter (1905) 
supported Tilden's formula, but E^er after further work 
(1907) adhered to the formula C21H20O9. According to Leger, 
barbaloin is decomposed on prolonged keeping in alcoholic 
solution or on treatment with sodium peroxide into aloe- 
emodin and (i-arabinose. More recently Rosenthaler f has 
shown that aloin gives ^^-arahinose and an anthranol, aloe- 
emodinanthranol on hydrolysis and that its formula is 
^20^20^8' ^h.e hydrolysis may be represented : 

io^ ^ “h ^5^10^5 

Aloin Aloe-emodiu-* ci'-Axabinose 

anthranol 

The formation of an anthranol from aloe-emodin may be 
represented : 


OH 




OH 



OH C(OH) OH 
■■ 1 \/\ 


+ 4 H = 


CHoOH 


Aloe-emodin 



+ H2O 


CH 


CHaOH 


Aloe-emodinanthranol 

A solution of aloe-emodinanthranol in concentrated borax 
solution or caustic alkali shows a greenish fluorescence. With 


* Barrowcliff and Carr, Organic Medicinal Chemicals, p. 199. 
t Rosenthaler, Pharm. Act. Helv., 1932, 7 , 19, and Arch. Pharm. Berl.. 
1932, 270 , 214, through F. B. Pharm., 1932, 106 and 307. 
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seleiiious acid and sulpiiuric acid it becomes brown, showing 
greenish streaks, and then turns black. This behaviour is 
characteristic of anthranols.* 

Leger (1908) showed that barbaloin on heating to 160° — 
165^ for three hours is partly converted into ^-barbaloin, an 
amor|3lious substance giving a tetrabromide in the form of pris- 
matic needles. This gl3xoside is said to be absent from the 
Curasao variet^^ but to be present in the Cape to the extent 
of about 8 per cent. 

/sobarbaloin, a crystalline isomer of barbaloin, appears to 
be present in quantity" only in the Curaqao variety. Most 
varieties of aloes contain sufficient free anthraquinones to 
give Borntrager’s test. There is no accurate method for the 
estimation of aloins, but from 10 to 20 per cent, of crystalline 
aloins can be extracted on the commercial scale from Cura9a.o 
aloes. The other commercial varieties generally yield less. • 

Aloes contain a considerable amount of resin which is said 
to have a purgative action and in the case of the Cape at 
least is said to contribute more to the therapeutic action than 
the aloins. On h^^droH^sis the resin of Curagao aloes yields 
a resin-alcohol (barbaloresinotannol) and cinnamic acid. The 
resin of Cape aloes similarly yields capaloresinotannol and 
^-h\’’droxyciunamic (/>-coumaric) acid. Little is known of 
these resinotannols and it has been suggested that they are 
mixtures of decomposition products formed during the hydro- 
h’sis of the original resins. Euefer has distinguished three 
resins in Cape aloes differing in their solubility in alkahne 
solutions. The resin of Socotrine and Zanzibar aloes, as far 
as is known, resembles the Cape. 

Uses. — ^Aloes is widel^^ employed as a purgative. It is 
seldom prescribed alone as its activity is increased when it is 
administered with small quantities of soap or alkaline salts, 
while carminatives moderate its tendency to cause griping. 

* The borax fluoresceoce test was formerly thought to be due to harbaloin, 
but araroba and chiysarobin, which contain anthranols, give an equally 
good fluore^ence with borax and also respond to the test with selenious acid 
and sulphuric acid. Natal aloes did not give the borax test and would there- 
fore appear to contain no anthranol. B.hubarb, although it is said to contain 
anthranol gliicosides at certain periods of the year, does not seena to contain 
free anthranols. 
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SCILL2E BULBUS 

Scillci, B.P.; Squill; 'P,Scille; G. Meerzwiebel 

Source. — Squill consists of tlie dried sliced bulbs of Urginea 
Scilla Steiub. (Scilla. maritima I^inn.) from which the mem- 
braneous outer scales have been removed. The plant grows 
on sandy soil on the Mediterranean coasts of Spain, Trance, 
Italy, Sicily, Malta, Greece, Algiers, and Morocco. English 
supplies are derived largely from Malta and Italy (Eeghorn). 

CoUectioiL and Preparation. — The bulbs are collected in 
August, a month in which the plant is without aerial leaves. 
After removing the dry, outer scales the bulbs are cut 
transversely into thin slices. These are dried in the sun or 
by stove heat, when they lose about So per cent, of their weight. 
The dried slices are packed in bags (containing about i cwt.) 
or in barrels. 

History. — Squill was well known to the early Greek 
physicians and to the Egyptians. A vinegar of squills was 
known to Dioscorides and an oxymel of squills to the Arabian 
ph^^sicians. 

Macroscopical Characters. — Squill bulbs are pear-shaped and 
vary in size from that of a man’s fist to that of a football. A 
common size measures 18 to 20 cm. in height, has a diameter 
of about 15 cm., and weighs about 3,000 G. Two varieties 
of squill are recognised : (i) White squill (Italian or female 
squill) , a variety with whitish or yellowish outer scales 
cultivated in Malta, Sicily, and Italy ; and (2) red squill 
(Spanish squill or male squill) , a variety with reddish scales 
cultivated in Algiers. White squill is generally used in 
England and red squill in France, but apart from the colour 
of the enveloping scales there appears to be little difference 
between the two varieties. 

The dried drug occurs in yellowish- white, translucent strips 
about 0*5 to 5 cm. in length and tapering at both ends. The 
drug is brittle when perfectly dry but it readily absorbs 
moisture and becomes tough and flexible. The hygroscopic 
nature is particularly noticeable in the powdered drug which, 
if carelessly stored, tends to cake into solid masses and develop 
mould. It should be stored in an atmosphere free from 
moisture. A glass-stoppered bottle, the stopper of which is 
hollow and contains a dehydrating agent separated from the 
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squill by a piece of chamois leather, is suitable. Odour, slight ; 
taste, bitter and acid. 

Microscopical Characters. — Squill is easily identified micro- 
scopically by the abundant, mucilage-containing parenchyma 
and by the bundles of acicular ciy^stals of calcium oxalate, up 
to cjoofz in length, which are often imbedded in the mucilage. 
The latter can be stained -vcith corallin soda. A few rounded 
starch grains, about lOfj, in diameter, and an occasional stoma 
may also be found. See also p. lOO. 

Constituents. — Squill contains cardiac glycosides wliich have 
been investigated by Merck (1879), Schmiedeberg (1881), 
Jammerstedt (1881), Waliszewski (1893), Kopaczewski (1914), 
and Stoll (since 1923). The substances isolated by Merck 
(sciUitoxin, scillipicrin and scillin) and by Kopaczewski 
(scillin) must now be regarded as mixtures rather than pure 
chemical compounds. In 1923 Stoll * isolated a crystalline 
glycoside, scillaren A, and an amorphous scillaren B. Scillaren 
A, the most important constituent of squill, is readily hydro- 
lysed by an enzyme scillarenase or by acids as follows : — 


enz>Tiiic 

hydrolysis 

Scillaren A 


acid 

h^'drolysis 


Proscillaridin A-f- Glucose 

^3oll420g 0^1122^6 

acid I hvdrolvsis 

4 " 

^ , 

Scillaridin A Rhamnose 

^^ 241130^3 GgIl22G5 

Scillaridia A-f Scillabiose 
C24II30O3 C22M22C)io 

4 


Glucose -f- Rhamnose 
C3H12O6 C6H:220g 

To isolate the glycosides it is thus necessary to prevent hydro- 
lysis. The squill glycosides are chemically related to those of 
strophanthus (p. 558) and digitalis (p. 596). The drug also 
contains sinistrin, a carbohydrate resembhng inulin ; mucilage 
and calcium oxalate. It yields about 2 to 5 per cent, of ash. 

Allied Drug. — ^Indian squill or urginea, the dried sliced bulb 
of Urginea indica, was official in the 1914 Pharmacopoeia. 
It occurs in curved pieces of a darker colour than those of 
European squill. These are frequently attached to a portion 
of the axis, a part of the bulb which is usually rejected in the 

* For a full account of the squill glycosides, see Stoll, The Cardiac 
Ci 937 )» 23-50. 
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case of Urginea Scilla on account of its very mucilaginous 
nature. 

Uses. — Squill has a digitalis-like action on the heart and 
in small doses is used as an expectorant. In larger doses it 
is emetic. Squill is also used as a rat poison. 


CONVALLARI^ FLORES 

Lily of the V alley Flowers ; F. Fleurs de Mugnet ; 

G- Maihliimen 

Source. — ^The drug consists of the dried inflorescences of 
the lily of the valley, Convallaria majalis, a small perennial 
herb common in man3' parts of England, Europe, Asia, and the 
South-Eastern U.S.A. During the drying the white fragrant 
dowers turn browrush-3^ellow and almost completely lose their 
odour. 

Characters. — •'The inflorescence is a slender scape bearing from 
3 to 8 bell-shaped flowers. These are of typical liliaceous type 
each having a perianth with six recurved teeth, six stamens, 
and a superior three-celled ovary. The drug has little odour 
and a bitter taste. 

CJonstitueiits. — ^According to Langlebert (1885) the lily of 
the valle3^ plant contains two glycosides, convallamarin 
(amorphous, soluble in water) and convallarin (insoluble in 
water). Under the influence of dilute acids convallamarin is 
said to 3deld glucose and convallamaretin, whilst convallarin 
3delds glucose and convallaretin. Cohn (1913) describes con- 
vallamiarin as a white cr3"stalline substance of the formula 
C23H44O12, yielding on hydrolysis glucose and convallamaretin. 
Lindner (1916) was -unable to obtain convallarin in crystalline 
form ; it is very hygroscopic, but when dried over calcium 
chloride it gave the formula C25H40O10. On hydrolysis it 
gave a hexose (? glucose) and convallaretin C19H28O4, 

Biological tests made b\^ Zondek (1922) show the relative 
potency of the herb, flowers, and roots to be in the ratio of 
6, 10, and 85. 

Karrer (1929) isolated convallatoxin, a physiologicall3^ 
active glycoside. It occurs in needle-Hke cr3^stals, m.p. 212°, 
which are only slightly soluble in water. Pharmacological 
assav" on the frog's heart show it to be more active even than 
ouabin (g-strophanthin) , previously considered to be the most 
potent glycoside of this class. 
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Uses. — Preparations of lily of the valley flowers and of the 
rhizome are used to a Hmited extent for their cardiac action. 
They appear, however, to be inferior to digitalis preparations. 


SARSAPARILLA RADIX 

Sarzae Radix ; Sarsaparilla Root ; F. Racine de Salsepareille ; 
G. Sarsaparillwiirzel 

Source. — Sarsaparilla consists of the dried roots and some- 
times also of the rhizomes of species of Smilax, The deter- 



Fig. 7O. — jB3.1g of Na-tivc IRcd. Ja-maics. Sa.rsa.paxilla, in th© Cutler Street 
Warehouse {Chemist and Druggist), 

mination of the exact geographical and botanical sources of 
the numerous varieties which have from time to time been 
imported has been a matter of some difficulty. This is 
explained to some extent by the large number of species in 
the genus Smilax (about 200) and that they are dioecious and 
frequently inhabit swampy tropical forests. The more 
important species appear to be ; 
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1. Smilaz ornafa Hooker fiHus (Central America and Sontli 
Mexico). 

2. Smilax saluberrmia Gilg ( 5 . utilis Hemsley) (Honduras, 
San Salvador, and Guatemala) . 

3. Smilax medica Schlecktendal et Chamisso (Mexico). 

4. Smilax papyracea Huhamel (French Guiana, Brazil ; 
also cultivated in Jamaica). 

5. Smilax syphilitica Humboldt and Bonpland (Tropical 
South America). 

6. Smilax officinalis Humboldt, Bonpland and Kunth 
(Tropical South America, e.g. Colombia). 

Collection. — The plants produce numerous roots, 3 m. or 
so in length, which are attached to a short rhizome. After 
scraping away the earth the roots are cut, sufficient, however, 
remaining in the ground for the plant to resume its growth. 
Sometimes the rhizome as well as the roots are collected. 
After drying in the sun the drug is made into bundles and the 
latter into bales. 

Efistoiy. — Sarsaparilla was introduced into Europe by the 
Spaniards about the middle of the sixteenth century. Many 
different kinds have been imported from time to time, 
some of which are now obsolete. The so-called Jamaica 
sarsaparilla was official in the B.P. 1898 and is included in 
the U.S.P. XI, together with Honduras and Mexican sarsa- 
parillas. 

The chief commercial varieties of sarsaparilla are as 
follows : — 

I. Costa Bica, Red Jamaica or Central America Sarsa- 
parilla is obtained from Smilax ornata Hooker filius, which 
is grown in Central America, especially Costa Rica. The drug 
is often known as Jamaica sarsaparilla owing to the fact that 
it formerly entered into commerce via Jamaica. 

Costa Rica sarsaparilla arrives in large bales bound with 
iron wire, each bale consisting of a number of bundles about 
45 cm. in length and 13 cm. in diameter. The drug consists 
entirely of long flexible roots and rootlets, pieces of rhizome 
('* chump being absent. The roots are from 2 to 5 mm. in 
^ameter and bear numerous fibrous rootlets beard ’') about 
0*5 to i-o mm. in diameter. Owing to shrinkage of the cortex, 
the roots bear about 10 to 15 more or less prominent 
longitudinal ridges. The drug is usually reddish-brown in 
colour but the colour is somewhat variable. It has no marked 
odour but a bitter and acrid taste. The degree of acridity is 
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said, to be a good indication of tlie fresimess and activity of 
the drug. 

A transverse section of the root shows a narrow, reddish- 
brown cortex surrounding a yellowish wood and starchy pith. 
For an account of the microscopic characters of the sarsaparillas 
the reader is referred to Thoms’ Handbuch der Pharmazie* 
and the U.S.P. XI. 



Fig, 77. — Sarsaparillas. A, Vera Cruz; B, Honduras; C, Jamaica. (One- 
sixth natural size) (SutclifiEe). 


2. Honduras or Brown Sarsaparilla is obtained from Smilax 
saluherrima Gilg, wMch is grown in British Honduras, San 
Salvador, and Gtiatemala. 

The drug is imported in bales each consisting of a large 

♦ Thoms, Handbuch der Pharmazie, Band V, pp. 574-579- Excellent 
figures are given of the h3rpodermal and endodermal regions of nine com- 
mercial varieties of sarsaparilla, these regions being the most characteristic 
for distinguishing the different specie. 
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number of bundles. Tbe bales, which are known as serons, 
have coverings of raw hide at either end which are joined to 
one another down the sides of the bale by raw-hide thongs. 
The individual bundles of drug var^^ from 50 to 75 cm. in 
length and from 5 to 7 cm. in diameter. They consist entirely 
of roots and rootlets, the latter being less numerous than in 
the Costa Rica drug. The roots are usually somewhat thicker 
and less shrunken than the Costa Rica and brownish in colour. 
Their diameter varies from about 4 to 6 mm. 

3. Vera Cruz, Mexican, or G-rey Sarsaparilla is obtained from 
Smilax medica Schlechtendal et Chamisso and is collected in 
Hastem Mexico. The drug is not necessarily made into bales 
and may occur with or without rhizome. It is usually found 
in loose bundles about 65 cm. in length consisting of roots and 
a few pieces of rhizome. The roots are from 3 to 7 mm. in 
diameter, and the pieces of rhizome about 2 to 4 cm. in 
diameter. Both are greyish in colour externally. 

4. Native or Cultivated Jamaica Sarsaparilla is grown in 
Jamaica. Some doubt exists as to the plant or plants from 
which it is derived, different writers attributing it to Smilax 
officinalis Humboldt, Bonpland et Kunth, Smilax fapyracea 
Duhamel, and Smilax salitherrima Gilg (S. utilis Hemsley) . 

The drug arrives in loosely packed bales consisting of roots 
and rootlets. DifEerent samples vary considerably in colour, 
the latter varying from reddish-brown or orange to greyish- 
brown. They are described in the drug market by such terms 
as “ Native Red Jamaica,'' “ Ordinary Native Jamaica," 
“ Native Jamaica Mixed Colours," and Pale Native Jamaica." 
The reddish colours are usually preferred and fetch the highest 
prices. 

5. Guayaquil or Ecuador Sarsaparilla is grown in valleys on 
the western side of the Andes and is thought to be derived 
from a variety of Smilax papyracea. The drug usually occurs 
in bundles about 50 cm. long and 15 cm. wide, wMch are 
packed in rectangular bales. Some samples consist of roots 
only but others contain also rhizomes and stems. The latter 
are round and prickly. The roots are mahogany-brown in 
colour and rather coarse-looking. The bark is thick and rather 
less furrowed than that of the Costa Rica drug. 

6. lama or “ lama-Jamaica’' Sarsaparilla is imported from 
Peru via Panama. It occurs in bales si mil ar to those of the 
Costa Rica drug. These consist of bundles of roots and 
rootlets which can only be distinguished with certainty from 
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the Costa Rica by microscopical examination. The bundles 
are frequently about 6o cm. long and about 7 cm. in diameter, 
i.e. somewhat longer and narrower than the Costa Rica. 

Ahied Drugs.— The varieties of sarsaparilla described above 
are those usually met with in English commerce, but many other 
varieties, e.g. the Para, were formerly imported and may stiU 
be used either on the Continent or in South America. A 
European sarsaparilla derived from Smilax asfera and other 
species is used in Southern Europe. It may be distinguished 
from the American species by the large amount of tannin 
wliicli it contains. 

China root, at one time a highly valued drug, consists of 
the large tuberous roots of an Eastern Asiatic species of Smilax. 
It is no longer used in England but is stiU official in some 
Continental pharmacopoeias. 

Indian sarsaparilla or hemidesmns, which was official in 
the B.P. 1898, was formerly thought to be derived from a 
species of Smilax, It is actually derived from Hemidesmns 
indicus (Asclepiadace^e) , but is now almost obsolete. 

Constituents. — I'he main constituents of the sarsaparillas 
are saponins. Many of the chemical researches on sarsaparilla 
have been made on material of doubtful origin and it is said 
that much of the commerical drug is almost inert owing to age. 

A sample of Jamaica sarsaparilla examined by Power 
and Salway * contained a crystalHne glycoside, sarsaponin, 
20^7^20, which yielded on hydrolysis sarsapogenin, 
C26H42O3, and glucose. The drug also contained the sterols 
sitosterol, C27H46O, and stigmasterol, C30H50O ; sitosterol 
^^-glucoside ; a new crystalline dicarboxyhc acid, sarsapic 
acid, C6H4O6 ; glucose, fatty acids, and about 1-25 per cent, 
of resinous matter. 

The saponin content of samples of sarsaparilla may be 
compared by testing their power of hsemolysing blood. 
According to Hering (1930), Vera Cruz sarsaparilla is rather 
more active in this respect than the Jamaican, while Honduras 
is less active than either of the preceding varieties. 

Uses. — Sarsaparilla formerly enjoyed a high reputation in 
the treatment of syphilis, rheumatism, and certain skin 
diseases. Although its use in medicine has been declining 
steadily for many years, large quantities are employed in the 
manufacture of non-alcoholic drinks. 

* Power and Salway, JProc. Chem. Sac., X913, 2 ? 9 , 372 ; abstracted Y. B, 
JPharm., X914, 150. 

17 
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Family ERIDACEiE 

Tke Iridacese consists of 57 genera and 800 species, widely 
distributed. Tbe members are mostly perennial herbs with a 
corm {c,g. Crocus) or rhizome {e,g. Iris). The flowers are 
hermaphrodite, P3+3. A3+O, G(3) ; regular {e.g. Crocus) 
or medianly zygomorphic {e.g. Iris). The style is branched 
and often petaloid. The fruit is a loculicidal capsule with 
numerous seeds. 


CROCUS 

Croci Stigmata ; Saffron ; F. and Q. Saffran 

Source. — SafFron consists of the dried stigmas and tops of 
the styles of Crocus sativus. The colour of the flowers varies 
and Holmes has distinguished five varieties in addition to the 
violet-flo'wered Crocus sativus type. The drug is prepared in 
Spain (ISTew Castile, Aragon, and Murcia), France (S. and S.W. 
of Paris in the provinces of lyoiret, Eure-et-Foire, and Seine- 
et-Mame), Macedonia, Persia, and in the U.S. A. (Pennsylvania). 
British supplies are obtained mainly from Spain. 

History. — SaflFron was prized by the ancients and was culti- 
vated in Greece, Asia Minor, and Persia. Cultivation of the 
plant in Spain appears to date from the tenth century and in 
England from the fourteenth century. In 1728 quite large 
quantities of Knghsh saffron were being grown, particularly in 
the area between Saffron Walden and Cambridge. 

Cultivation, Collection, and Preparation. — Saffron corms are 
planted in July or August in soil carefully prepared during the 
previous autumn. Furrows are made about 20 cm. wide and 
18 cm. deep, the corms being placed in these at about i or 2 cm. 
from one another. The first flowering takes place in September 
or October of the following year, after which each corm replaces 
itself by one or more daughter corms. The new corms are 
about 2 cm. higher in the ground than those of the preceding 
year and after a number of years the corms lie close to the 
surface. After three harvests of flowers, the corms, which have 
at least doubled in number, are dug up in May or June. The 
best of these are reserved for planting in fresh ground in July 
or August. 

In France the plant is liable to attack by a fungus, 
Rkizoctonia molacea Tul., which causes rotting of the corm. 
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It seems possible that this disease led to the abandonment of 
saffron cultivation in England.* 

Saffron culture requires abundant labour. The flowers are 
collected in the early morning, placed in baskets or hampers 
and conve^-ed to the picking house. The picker takes each 
flower in turn in the left hand and breaks the style just below 
the stigmas with the nail of the right thumb. The detached 
stigmas are dried by artificial heat, usually charcoal stoves, 
over which they are placed in hair sieves. Drying is completed 
in about 30 to 45 minutes, after which the drug is cooled and 
stored in a dry place. About 90,000 to 100,000 flowers give 
5,000 grammes of fresh stigmas or about 1,000 G. of the 
the dried drug. 



Fig. 78. — Saffron. A, stigmas and top of style; B, stigmatic papillae; 
C, pollen grain. (jAfter Planchon.) 


Characters. — Saffron, or hay-saffron as it is often called, 
occurs in loose masses consisting of reddish-brown stigmas 
among which yellowish pieces, the tops of the styles, can usually 
he seen. It has a sweetish aromatic odour and a bitter taste. 
When chewed the sahva is coloured orange-yellow. 

If the soaked drug is examined under a lens or microscope, 
the stigmas will be found either separate or united in threes 
to the apex of the yellowish styles. A complete style is 

“ JSTotes on the History and Cultivation of Saffron in England," by J. 
Clarke, P./., 1887, 1032. The saffron farmers were called by way of dis- 
tinction from other farmers " crocurs * and from the uncertainty of the crop 
from disease of the bulbs, and the changes of this variable climate in September 
and October, the profits were very precarious, occasionally ruinous ; which 
gave rise to habits of habitual di^ontent, and it may be inferred that the 
word * croaker,' now a common appellation for a grumbler, was so derived." 
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7 or 8 cm in lengtli but the portions present in the drug seldom 
exceed i cm. Each stigma is about 25 mm. in length and has 
the shape of a slender funnel the rim of which is dentate ox 
fimbricate. 

Substitutes and Adtdterants. — ^From the earliest times 
adulterated saffron and saffron substitutes have been found 
in commerce. During the IVIiddle Ages the laws against 
adulterating the drug were particularly harsh and cases are 
on record of the culprit being burned at the stake or buried 
alive. 

Examination of the soaked drug with a lens or with the 
low power of a microscope may show the presence of the 
following : — 

(a) Foreign Flowers or Petals. — d^hese can usually be 
detected without difSculty, alone or when mixed with the 
genuine drug. Compositous florets such as those of Calendula 
officinalis (feminell or Chinese safflower), Carthamus tinctorius 
(safflower or Indian safflower),* Arnica montana and 
Onopordon sihthorpianum may be present in their natural 
state or artificially coloured. The flowers of Lyperia atro- 
purpurea (Scrophulariacese) were imported at one time under 
the name of Cape saffron. 

{b) Saffron Styles. — ^These can be observed by their 
yellow colour and c^fflndrical shape and an excessive quantity 
must be regarded as an adulterant. The U.S. National 
Formulary limits their amount to 10 per cent, of the whole 
drug. 

[c) Saffron Stamens. — ^These are of fairly regular occurrence 
in some Continental samples of the drug, the stigmas being 
mixed with from 10 to 50 per cent, of the stamens according 
to the price at which the drug is to be sold. This is not an 
adulteration in the ordinary sense as the bu3^er is not prepared 
to pay the price of the genuine drug and is aware that he is 
being supplied with an inferior grade. In the genuine drug 
the upper end of the stigma bears papillae about 150/x long, 
among which are a few almost smooth-coated pollen-grains 
40 to 75;i in diameter. The presence of stamens will, of 
course, much increase the number of such grains present. 

(d) Stigmas of Crocus vernus, — These differ from those of 
Crocus sativus in that they are shorter, more divided at the 
apex, and orange in colour. 

* These are often made inta cakes witli a sugary substance and sold as 
cake saffron {Croci placentm). 
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Gentiine samples of saffron siiotild respond to the following 
tests : — 

1. Wlien sprinkled on the surface of concentrated snlphtiric 
acid each piece of sahron gives a deep blue colour to the 
surrounding acid. This reaction is given by several substances 
present in saffron (see below), by carotin, and by the petals of 
the South African plant, Crocosma aurea. 

2. No oily stain should be left when the drug is pressed 
between sheets of unglazed paper (absence of added vegetable 
or mineral oil) . 

3. Saffron gives little colour to ether or petroleum spirit. 
The colouring matter is, however, soluble in water o*i C. of 
the drug giving to 50 ml. of water a yellow colour of the same 
shade and intensity as that given by 0-275 G. of chromic 
anhydride to a similar volume of water. These tests serve 
to detect exhausted saffron or other substances which have 
been coloured with artificial colouring matters. 

4. Saffron yields about 5 to 7 per cent, of ash. An excess 
of ash indicates added inorganic matter, which may be 
artificially coloured. 

5. Safeon contains about 9 to 14 per cent, of moisture and 
yields about 50 per cent, of aqueous extractive. Excessive 
amounts of the latter indicate adulteration with sugars, 
honey, glycerin, glyceryl borate, or soluble salts. The deter- 
mination must be done so as not to overlook ammonium 
salts, which would be volatilised by overheating. 

6. The nitrogen content of saffron is remarkably constant 
at about 2*22 to 2-43 per cent, and a Kjeldahl estimation is 
therefore a good test of purity. 

Constituents. — Saffron contains red colouring matters of 
glycosidal nature, a colourless crystalline glycoside called 
picrocrocin (Kayser, 1885), a trace of volatile oil, wax:, and 
inorganic matter. 

An impure form of the colouring matters now known as 
crocin was formerly known as polychroite. EZarrer (1927) by 
treating crocin with a cold dilute solution of potassium 
hydroxide isolated two reddish, crystalline substances and by 
acidifying the mother liquor obtained some bluish-red crystals . 
These three substances are known respectively as y-, and 
a-crocetin. Crocin and the three crocetins all give a blue 
colour on treatment with concentrated sulphuric acid. As 
mentioned previously, this reaction is also given by carotin, and 
the petals of Crocosma aurea. 
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Uses. — Saffron exerts no therapeutic action but is still 
popularly credited with medicinal properties. It is used in 
pharmacy to a limited extent as a colouring and flavouring 
agent. In Cornwall and other parts of the country it is used 
for making saffron cakes. 


IRIDIS RHIZOMA 

Orris Rhizome, Orris Root ; F. Iris ; G. Violenwurzel, 

V eilchenwurzel 

Source. — Orris rhizome is obtained from three species of 
Iris, namely, /. floreniina, found in northern Italy ; Iris 
germanica, found in Northern Italy, France, Central Kurope, 
Morocco, and Northern India ; and JW 5 pallida, found in Italy 
(Florence and Lucca) and Rastem France. The chief varieties 
in Rnglish commerce are known as Florentine and Veronese, 
the former being usually preferred. It is obtained not only 
from Iris jiorentina but also from I. germanica and I. pallida, 
all three species being cultivated in the nieghbourhood of 
Florence. Some of the drug grown around Verona conies into 
commerce via Florence and is sold as Florentine. Orris is 
also produced in Morocco and exported from Mogadore and 
Safi, in the Department of Ain in Bastern France, and in 
Northern India. The French drug is obtained from I. pallida, 
the African and Indian from 7. germanica. 

History. — Orris root has been used in perfumery from Greek 
and Roman times. Florence was an important source of the 
drug in the Middle Ages, the ancient arms of that city being a 
white iris on a red shield. 

Collectioii and Preparation. — ^The plants are dug up in 
August and September, a period when the cork can be easily 
removed. The rhizomes are usually three years old when 
dug up, older rhizomes showing a tendency to rot at the ends. 
The aerial leaves and the roots are cut off and the rhizomes 
peeled. When fresh the rhizomes are practically odourless 
and have an acrid taste, the characteristic fragrant odour only 
being developed on slow drying. The peeled rhizomes are dried 
in the sun for about five days either on matting (Florentine) 
or threaded on cords (Veronese) . They are afterwards spread 
out in a cool, dry place for a week or so and then sorted by 
hand. 
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Characters. — ^Florentine orris occurs in dorsi-ventrally 
flattened pieces about 5 to 10 cm. in length and 2 to 3 cm. in 
diameter. The drug is whitish in colour, and having been 
peeled is free from cork. If the plant has flowered, which it 
usually does in the third or fourth year, the apex shows the 
remains of the flowering shoot and one or two short lateral 
branches terminating in cup-shaped scars. The age of the 


Fig. 79. — Upper and lower surface of tlie same piece of orris rlxizome 

(Newman). 

rhizome is indicated by the number of constrictions which 
represent the regions of winter growth. On the upper surface 
are lines of small vascular bundles left by the leaves, and on 
the lower surface are numerous root scars. Odour, pleasantly 
aromatic ; taste, hitter. 

The Veronese rhizomes closely resemble the above but may 
be rather more yellowish and wrinkled- They often bear holes 
through which cords have been threaded for drying purposes. 
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jMogadore orris is usually" inferior to the European, the 
rhizome being smaller, darker, and less fragrant. ^ The peehng 
is incomplete and the drug bears patches of reddish cork and 
the remains of leaves. 

Orris root breaks with a short fracture and shows a narrow 
cortex (about 2 mm.) separated by a brown line, the 
endodermis, from the stele. The latter shows numerous, 
scattered vascular bundles. The cells of both cortex and 
stele contain abundant starch and prismatic crystals of 
calcium oxalate. 

Constituents. — Orris rhizome contains volatile oil and non- 
volatile fatty bodies, which are, however, carried over during 
steam distillation. About o*i to 0*2 per cent, of this mixture 
is obtained by steam distillation and is termed oil or butter 
of orris. Tiemann and Kriiger (1893) extracted the roots 
with ether, evaporated and steam distilled the residue. They 
found the non-volatile portion to contain a little myristic acid, 
whilst that volatile in steam contained myristic acid and its 
meth3d ester, oleic acid and its esters, oleic aldehyde and a 
compound called irone. The latter substance, when somewhat 
diluted, has an intense odour of violets. lonone, a substance 
isomeric with irone, is a well-known artificial perfume with 
an odour resembling that of violets. It is prepared by con- 
densing citral with acetone to form psendoionone, which on 
heating with dilute sulphuric acid is converted by isomeric 
change into ionone. 

CsHis.mO + CHg.CO.CHs^CgHis.CH : CH.CO.CHa 4-H,0 
Citral Acetone Pseudoionone 

Orris rhizome also contains starch, calcium oxalate, a 
brown resin, a small proportion of tannin and a crystalline 
glycoside called iridin. 

Us!^. — Powdered orris root is used in dusting powders and 
in dentifrices, w’hilst the oil is used in perfumery not only 
for its delicate odour but as a fixative for artificial violet 
perfumes. 

Order SCITAMIN^E 

An order including the families Musaceae (banana family), 
Zingiheracese, Cannacese, and Marantaceae. Flowers herma- 
phrodite, zygomorpbic or asymmetric. Floral formula P3 -f-3, 
-^ 3 + 3 : <^(3)- lu most cases only one stamen is fertile, the 
remainder being represented by staminodes. Fruit a berry 
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{e.g, banana), or capsule {e,g, cardamom). vSeeds with little 
endosperm, but abundant perisperm. 

Family 

The family Zingiberaceae consists of 24 genera and about 
300 species. Perennial herbs, chiefly from tropical Asia. Of 
economic importance are Zingiber officinale (ginger), Elettaria 
Cardamomum (true cardamom). Curcuma dome site a (turmeric). 
Curcuma angustifolia and C. leucorhiza (“ East Indian arrow- 
root ''), and Aframomum Melegueta (grains of paradise). The 
presence of aromatic and pungent principles is a notable 
feature of the family. 

ZINGIBERIS RHIZOMA 

Zingiber, Radix Zingiberis ; Ginger ; F. Gingembre Blanc ; 

G. Ingwer 

Source. — Offlcial ginger is the rhizome of Zingiber 
officinale Roscoe, which has been scraped and dried in the 
sun. The species of Zingiber, of which about 70 are known, 
are reed-like plants. Zingiber officinale is grown in many parts 
of the world, including Jamaica, India, and Africa, but the 
offlcial drug is that known in commerce as unbleached 
Jamaica ginger.” In the U.S.P. X, Indian-grown ginger 
(Cochin ginger) and African ginger were included in addition 
to the Jamaica variet3^ but the U.S.P. XI admits the Jamaican 
only. 

History. — Ginger has been cultivated in India from the 
earliest times, the plant indeed being unknown in the wild 
state. The spice was used by the Greeks and Romans and 
was a common article of European commerce in the Middle 
Ages. It was well known in England in the eleventh century. 
Ginger was introduced into Jamaica and other West Indian 
Islands by the Spaniards, and a considerable quantity of the 
drug was sent from the West Indies to Spain as early as 1547- 

Cultdvation and Preparation. — The following details of the 
cultivation and preparation of Jamaica ginger are given by 
Harris : — * 

" The virgiii soil of tlie forest produces the best ginger, hut a well- 
drained, clayey loam is suitable, and the rainfall must be abundant — 
80 ins. and upwards per annum, with a temperate climate. Pieces of 

* Harris, P~J-> ^909/ September 18, S/O- From the Btilletin of the Depart- 
ment of Agriculture, Jamaica. See also " Ginger, its Cultivation, Preparation 
and Trade," Bull, Imp, Inst.^ 1926, 24 , 667. 
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rhizomes, each containing an ' eye ’ or bud, are planted a few inches 
below the surface in holes or trenches in March or April. " Plant ’ 
ginger is harvested during December and January, but ' ratoons ' * 
may be gathered from :March to December. The rhizomes are ready 
for" digging when the stems wither, which takes place soon after 
flowering.” 

“ Wdien the rhizomes are dug, they are peeled with a knife specially 
made for the purpose. This operation requires much care and experi- 
ence. As a rule, experienced operators peel between the ‘ fingers ' of 
the rhizomes, the other portions being peeled by less experienced 
workers. This work is always done by women and children. As fast 



Fig. So. — Peeling ginger (Jamaica), B.W.I. (From the Imperial Institute 

Collection.) 

I as peeled the rhizomes are thrown into water and washed, the purer 
' the water and the more freely it is used the whiter will he the product. 
The ginger peeled during the day is allowed to remain in the water 
overnight.” 

“ After washing, the rhizomes are spread out on barbecues or on 
mats in the sun early in the morning. They are turned during the day, 
and are taken under cover during cloudy or rainy weather and at night, 
as if allowed to get damp they become mouldy. The drying process 


♦ '* Ratoon ” ginger is that which is obtained by leaving a portion of 
the rhizome in the ground when the first crop, the ** plant " ginger, is col- 
lected. It is usually small, gre3dsh-browii in colour, and imperfectly peeled. 
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occupies five to six: days, and. during this period the ginger loses about 
70 per cent, of its weight. After dx^g it is bleached by washing, and 
again dried for two days, when it is ready for shipping." 

Gingers are also found in commerce from which little or no 
cork kas keen removed (see below). These “coated'" or 
“ tmscraped gingers are sometimes whitened by means of 



Fig. .81 — Gingers. A, Jamaica ; B, Cochin ; C, African (Newman). 


chemicals such as sulphurous acid or chlorine, or are dusted 
with calcium carbonate or sulphate to improve their 
appearance. Gingers are also sometimes limed both abroad 
and in I^ondon to minimise insect attack. The official drug, 
however, is sun-hleached only — ^heavily limed samples would 
3deld more than the ofifictally permitted percentage of ash. 

liacroseopical Characters. — The dried drug shows little 




f Fig. 82- — Ginger rliizome. A, transverse section of outer region ; B, trans- 
verse section through three fibro- vascular bundles ; C, starch, i, epider- 
mis ; 2, h^’podermis ; 3, cork ; 4, phellogen ; 5, oil cell ; 6, sclerenchy- 
matons fibres ; 7, phloem ; 8, vessel ; 9, resin cell ; 10, starch-containing 
pareBch5rma. (After Tschirch-Oesterle, Atlas.) 


outer stixface is buff-coloured and longitudinally striated or 
fibrous ; it shows no sign of cork. The drug breaks with a 
short fracture, the fiibres of the fibro-vascular bundles often 
projecting from the broken surface. It has an agreeable 
aromatic odour and a pungent taste. 
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In transverse section a lens shows : (a) cortex ; {b) a 

dark line, the pericycle and endodermis (the latter without 
starch) ; and (c) the stele with numerous scattered fibro- 
vascular bundles. Similar bundles also occur in the cortex. 
The bundles appear as greyish points, the smaller yellowdsh 
points which can also be seen being secretion cells. 

Mcroscopical Characters. — ^J^Iicroscopic examination of the 
section and of the powder shows that the parenchymatous 
ground tissue contains abundant and characteristic starch 
grains. These are almost entirely simple, ovoid or sack-shaped, 
5 to 50/X long, and have a very markedly eccentric hilum.* 
Ginger powder shows vessels with spiral or annular thickening 
and long, thin-walled fibres. Neither vessels nor fibres give 
any marked lignin reaction with phloroglucinol and hydro- 
chloric acid. Narrow cells containing resin or pigment and 
oil cells with suberised walls may ’also be observed. Cork 
cells, t calcium oxalate and sclerenchymatous cells are entirely 
absent. For powder see p. 103. 

Constituents. — Ginger contains from 0*25 to 2*o per cent, 
of volatile oil and from 5 to 8 per cent, of resinous matter. 
Oil of ginger, to which the drug mainl^^ owes its aroma, contains 
terpenes (i-camphene and jS-phellandrene) , a sesquiterpene 
(zingiberene) , cineole, citral, and bomeol. 

The pungency of ginger is due to the “ oleo-resin,"' gingerol, 
an oily liquid consisting of homologous phenols of the 
formula : 

CH3O 

y >CH2 .CH^.CO.CH{OH).[CHj1„.CH, 

(where n=s, 4, or 5) 

The pungency of gingerol is destroyed by boiling with 2 per 
cent, potassium hydroxide. Boiling with baryta water de- 
composes it with formation of a phenolic ketone called zin- 
gerone and aliphatic aldehydes (mainly normal heptaldehyde) . 

CH30_ 

Zingerone, HO<^ ^CHa.CHs.CO.CHg, like gingerol is 

* According to Kimura and Watanabe, /. Pharm. Sac. Japan, 1929, 
49 , 62, Japanese ginger (derived from Zingiber Mioga) contains starch mainly 
in tiie form of compound grains. Single grains ellipsoidal or ovoid (20 to 40ft 
in length.) or round (10 to 25ft in diameter). The eccentricity of the hdlum is 
less than in the starch, of Z. officinale!. 

f Ginger cork, which is found on the ** coated ” varieties, is yellowish or 
brownish and thin- walled. 
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pungent but possesses in. addition a sweet odour.* It is a 
cii^stalliiie substance, sparingly soluble in water, freely soluble 
in" dilute alkalis and in most organic solvents. Its pungency 
is destroyed by prolonged contact witb 5 per cent, sodium 
bydroxide. Zingerone is related to vanillin and has been 
prepared from it synthetically. 

Ginger also contains resinous matter, starch, and mucilage. 
It yields about 3 to 5 per cent, of ash, and 12 to 15 per cent, of 
alcohol-soluble extractive. 

Unofficial Varieties. — The plant which yields official Jamaica 
ginger is grown in many tropical countries, including India 
(Cochin, Calicut, and Bengal), Africa (Mgeria, Sierra heone), 
the East Indies, Cochin China, Australia, and Florida. 
The chief unofficial varieties in English commerce are the 
bligeiian. Cochin and the African. 

Nigerian ginger . — In recent years ginger grown in Nigeria, 
from plants imported direct from Jamaica, has been arriving 
on the Enghsh market in considerable quantities. It closely 
resembles the official Jamaica dmg but can be distinguished 
from it in the whole condition by its somewhat darker colour, 
smaller size and that it is rather less deeply scraped. Nigerian 
ginger has a more pungent taste than Jamaican and yields 
less volatile oil (about 0*7 to i-o per cent.).f The drug yields 
less water-soluble ash than the Jamaican, often being below 
the pharmacopoeial requirements. It has been stated that 
this is due to prolonged crashing of the rhizomes. 

Cochin ginger, which is grown in southern India, is imported 
tna Bombay or Madras. It occurs in both coated and scraped 
forms. The coated variety bears on the upper and lower 
surfaces a wrinkled reddish-grey cork which readily exfoliates. 
The lateral surfaces are without cork but are decidedly darker 
than the surface of the J amaican drug. Pieces may be found 
of almost exactly the same size and shape as the Jamaican, 
but on the whole the pieces are smaller and the branches 
somewhat thicker. Cochin ginger is more starchy and breaks 
with a shorter fracture than the official ; it is equally pungent 
but less agreeably aromatic. Calicut ginger closely resembles 
the Cochin, but the latter is usually regarded as the better 
grade. 

African ginger is typically smaller and darker than the 

♦ It is interesting to note tliat the methyl gingerols and methyl gingerone 
differ from gingerol and gingerone in being non-pungent. 

f M^k, F. B. PImrm., 1937 , 4®4* 
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CocMn. It is coated,” a brown cork extending over a 
greater area than in the CocMn. The relatively small exposed 
portions of cortex on the lateral sides are grey to blackish in 
colour. The q^nality of this drug has improved in recent years, 
but it lacks the hne aroma of the Jamaica dmg although ex- 
ceeding it in pungency. Bombay ginger resembles the African. 

Allied Bnigs. — J apanese ginger, wMch is said to be derived 
from Zingiber Mioga, occurs in small coated pieces. The 
volatile oil wMch it contains differs in physical properties 
from that of the official species and gives the drug a bergamot- 
like odour. The taste is less pungent than that of Z, officinale. 
The starch grains are compound and less eccentric than those 
of the official drag. 

Martinique ginger is said to be derived from Zingiber 
Zerumhet Rose. 

Preserved ginger consists of young, undried rhizomes, wMch 
are preserved by boiling in syrup. The West Indian variety 
is made from the official plant, but that from China is said to 
be obtained from the greater galangal, Alpinia Galanga (Fam. 
Zingiber acece) . The latter species also yields Siamese ginger. 

Galangal rhizome, now little used in England although 
employed on the Continent, is derived from the lesser galangal, 
Alpinia officinarum. 

Adulteration. — ^Most of the likely vegetable adulterants can 
be detected by a routine microscopical examination. 
Powdered ginger may have been prepared from unscraped 
ginger or from “ wormy ” drug, and particular attention should, 
therefore, be paid to the absence of corky and insect remains 
fragments - 

Adulteration may also take the form of the addition of 
“ spent ginger,” wMch has been exhausted in the preparation 
of essence. This may be detected by the official tests for 
purity. Official ginger yields about 7 (not less than 4*5) per 
cent, of 90 per cent alcohol-soluble extract ; from 12 to 15 
(not less than 10) per cent, of water-soluble extract ; about 
3 to 5 (not more than 6) per cent, of ash, and not less than 
1-7 per cent, of water-soluble ash. 

Exhausted ginger and, more particularly, ginger galenicals 
may have their pungency increased by the addition of capsicum 
or grains of paradise. The suspected liquid, or a tincture 
prepared from the suspected powder, is heated in a water- 
bath with caustic alkali. The Hquid is then evaporated, the 
residue acidified with hydrochloric acid, and shaken with 



FHAR3IACOGNOSY 



272 

ether. Some of the ethereal solution evaporated on a watch- 
glass gives a residue which is not markedly pungent to the 
taste. This test depends on the fact that gingerol is more 
readily decomposed by alkalis than are capsaicin or paradol. 

XJses. — Ginger is used as a carminative and stimulant. It 
is more largely used as a condiment than as a drug. 

CURCUMA RHIZOMA 

Curcuma ; Turmeric ; F. Safran des Indes ; G. Kurhuma, 

Gelhwurzel 

Sources and Preparation. — Turmeric is the dried rhizome 
of Curcuma domestica cultivated in India, China and Malaya. 
The primarv" and secondaiy’ rhizomes are dug up, steamed or 
boiled, and dried. 


Fig. 83. — Turmeric “ bulb ” and “ finger.” 

CSharaeters. — The primary rhizomes are ovate or pear- 
shaped and are known as “ bulb " or “ round '' turmeric, whilst 
the more cylindrical secondary, lateral rhizomes are about 
4 to 7 cm. long and i to 1-5 cm. wide. The latter are known 
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as '' fingers and contain more yellow colouring matter than 
the bulb variety. Turmeric has an aromatic odour and a 
warm, somewhat bitterish taste. 

Constituents and Uses. — Turmeric contains a yellow cay-stal- 
line substance curcumin, about 5 per cent, of volatile oil, resin 
and abundant zingiberaceous starch grains. The latter are 
about 30 to 6o/a long and often gelatinised. Turmeric is used 
in cuny^ powders and sauces, and paper impregnated with a 
turmeric tincture is used as a test for boric acid and borates. 


CARDAMOMI FRUCTUS 

Cardamomuni, B.P., Cardamomi Semina ; Cardamoms ; 

F. Cardamomes ; O. Cardamomen 

Source. — ^The official drug consists of the ripe, or nearly 
ripe, seeds of Elettaria Cardamomum Maton, var. minnscula 
Burkhill, which are directed to be kept in the capsules until 
required for use. The latter requirement facilitates recogni- 
tion and helps to prevent loss of aroma. The drug is mainly 
obtained from cultivated plants grown in Ceylon and Southern 
India. 

Elettaria Cardamomum is a reed-like plant attaining a height 
of 4 metres or more. It is the only species belonging to the 
genus Elettaria, but exhibits considerable variation and in 
addition to the variety E. Cardamomum var. minuscula, which 
yields the official drug, there is the variety E. Cardamomum 
var. major Thwaites, which yields the long wild native 
cardamoms of Ceylon (Fig. 84, H). In addition to these 
distinct varieties the official plant also shows variation, plants 
growing in Mysore differing in minor characters from those 
growing on the Malabar coast region. The Mysore-t5rpe plant 
has a more robust habit, bears larger and coarser leaves, has 
a more erect inflorescence, and stands exposure better than the 
Malabar- type. The Mysore-type has a short-branched, cream- 
coloured rhizome with pink markings. The leaves vary from 
30 to 100 cm. in length. The flowers arise in loose racemes 
50 to 60 cm. in length, each with 8 to 14 branches bearing 
3 to 6 flowers. The fruits are capsules which open, when ripe, 
by three valves. The plants yield a small harvest in their 
third year, a full crop for the next six or seven years, and then 
start to decay. 

18 
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At tlie present time the names of the commercial grades of 
fruit have not their former geographical significance as will be 
seen by consulting a map. The commercial grades now 
reaching London are : 

I. The Mysore or Ceylon-Mysore (Fig. 84, A). — ^These, 


PiG. 84.— indfe and seeds. A, Mysore ; B, Malabar ; C. Manga- 
lore , D. AUeppy green ; E, long -wild native. (N'e’wman.) “ 
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althougli bearing the name of an Inciian state, are now 
mainly obtained from plants of the Mysore-type cultivated in 
Ceylon. 

2. Malabar or Ceylon-Malahar (Fig. 84, B). — ^These derive 
their name from the Malabar Coast of S.W. India although 



Fig. 85. — Gathering Cardamoms. (From the Imperial InstitTite 
Collection.) 

largely obtained from plants of Malabar-type cultivated in 
Ceylon. 

3- Mangalore (Fig. 84, C).^ — These are obtained from 
the district round the port of Mangalore on the Malabar 
Coast. 

4, Aleppi or Alleppy (Fig. 84, D). — These take their 
name from a town in the native state of Travancore. 
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They are gio-nm in Travancore and the neighbouring state 
of Cochin and are largely shipped from the port of the 

latter name. 

History. — Cardamoms are mentioned in the early San- 
skrit writings of Susnita, but it is difficult to say with 
any certainty when they first appeared in Europe. Im- 
mense quantities are still used in Hindoo festivals. Both 
Amomum and Cardamomum appear in a list of Indian 
spices liable to duty at Alexandria, ahont A.r>. 176—180. 
The Portuguese navigator Barbosa (15^4) appears to have 
been the first to mention the source of our official drug 
as the 3 Ialabar coast. Many so-called cardamoms have 
been imported at different times, and the Amomum Verum 
of many seventeenth-century pharmacopoeias was a now 
obsolete Siamese cardamomum derived from Amomttm 
Cardamomum Linn. 

Collection and Preparation. — The cultivation of cardamoms 
varies in different districts and full details may be found in an 
excellent article in the Chemist and Druggist, The following 
account of the picking, curing, clipping, and grading of the 
fruits is taken from the same source :* 

“ Picking. — In Ceylon the plants flower almost all the year round, 
bnt principally in J anuary to May. Picking begins at the end of August 
and continues until April, October to December yielding most fruit. 
The flowers open in ones and twos at a time, the fruits also ripening 
successively, extending over a second season. In India the wasteful 
method of pulling oS whole racemes is followed, but in Ceylon careful 
attention is given to picking. The capsules are cut off with short- 
bladed scissors before they ripen (they split if pulled off or are ripe), 
the slight turn of colour to yellow and the firmness of the fruit being 
the indications to the coolie expert. The first or maiden crops give 
the larger pods, while the earlier pickings also yield fiiner fruit. An 
average daily picHng is ro lb.” 

“ Curing is effected in dry weather by exposure to the sun, but in 
hot weather over-exposure is guarded against, as over-heating causes 
the moist seeds to swell and burst the shell. Three hours' exposure in 
the morning and two in the afternoon are sufficient in the heat. In 
unsettled w'eather advantage is taken of whatever sunshine there is. 
The proportion of split fruit is smaller the slower the drying. This 
operation is shown in Fig, 86 where trays of the fruit are placed on 
trestles. These can be readily covered when a shower threatens. In 
continuous wet weather slow drying is effected by gentle artificial 
heat on trays contained in racks in the curing-house, but the product 


* “The Cultivation and Commerce of Cardamoms,’* C. and D., 1912, 
March 9, pp. 101-105. 
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is more brown in colour and accordingly less valuable. The house is 
arranged to allow ready egress of the tra3"s, so as to take advantage 



Fig. 86. — Curing Cardamoms {Chemist and Druggist). 


of the sun's rays. The colour can he improved by sun-bleaching the 
capsules after sprinkling with water, but this considerably increases 
the proportion of split fruit.” 



Fig. 87. — Clipping Caxdamoms {Chemist and Druggist). 


“ Clipping and Grading-^ — ^The capsule still bears the remains of 
the calyx tube at the apex and the stalk at the base, and these were 
formerly removed by the tedious method of hand-clipping. Machines 
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Fig. 88. — Ceylon-Mysore carda- 
moms (natural size): "'longs,” 
“ mediums,” “ shorts,” and 
” tiny.” (Redrawn from Chemist 
and Druggist,) 


grading oi 

three sizes, while sortii 
is also followed. Split fruit ( 
averages about lo to 15 per cent.), 
broken shell and seed are also 
sorted out. Our drawing (Fig. 88) 
shows, natural size, the types of 
Ceydon-Mysore cardamoms, known 
respectively as ‘ longs,’ ‘ medinms,’ 
‘ shorts/ and ‘ tiny.’ After sizing, 
the fruit is sulphured by placing 
in trays over burning sulphur 
(Fig. 89). The final operation is 
packing in cases for export, which 
is illustrated in our last photograph 
(Fig. 90).” 


Macroscopical Characters. — ^The cardamon fruit is an 
inferior, ovoid or oblong capsule, about i to 2 cm. long. The 
size, shape and surface vary’ in the different commercial 
varieties and grades (see Fig. 88 and “ Varieties The apex 
is shortly^ beaked and may^ show floral remains, whilst the base 
is rounded and shows the remains of the stalk. Internally the 
capsule is three-ceded, a double row of seeds attached to axile 
placentas occurring in each cell. In good samples the seeds 
form about 70 per cent, of the total weight. The seeds in each 
loculus are tightly pressed together and usually separate in a 
single mass. 

Each seed is about 4 mm. in length and 3 mm. in breadth 
and somewhat angular. The colour varies from a dark reddish- 
brown in fuUy ripe seeds to a much paler colour in the unripe 
ones. The testa is transversely wrinkled and is covered by a 
membraneous aril. A groove on one side of the seed indicates 
the position of the raphe and a depression at one end the hilum. 
Cardamom seeds have a strongly aromatic odonr and a 
pleasantly aromatic, although somewhat pungent, taste. 

Yarieties . — Mysore or Ceylon-Mysore (Fig. 84, A) are im- 
ported from Ceylon and constitute the chief commercial 
variety. They have a cream or pale buff colour and a nearly 
smooli surface. 

Malahar or Ceylon-Malahar (Fig. 84, B) are usually?^ smaller, 
and have a rather darker and less smooth pericarp than the 
Mysore. 

Mangalore (Fig. 84, C) resemble the Malabar, but are usually 
more globular and have a rougher pericarp. 
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Fig. 89. — Sulphuring cardamoms (Chemist and Druggist). 



Fig. 90. — Drying and airing cardamoms for export (Chemist and Druggist). 
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Alleppv (Fig- 84, I>) fniits are narrower than the other 
varieties, 'have "a markedly striated pericarp, and var>^ in 
colour from greenish-huff to green. 

The seeds of these varieties are almost indistinguishable 
from one another. 

Microscopical Characters. — Sections of the seed (see Fig. 91) 
show a membraneous aril, a brownish testa, a large -white peri- 
sperni (grooved on one side) , and a small, translucent, yellowish- 
endosperm in which the embryo is embedded. The microscopic 
features of these layers are given in the Pharmacopoeia. 



Fig. 91 . — EUUaria Cardamomum. A, transverse section of fruit ; B, trans- 
verse section of seed ; C, longitudinal section of seed, i, fibro-vascular 
bundles in pericarp ; 2, seed ; 3, arillus ; 4, outer integument ; 5, inner 
integument ; 6, perisperm ; 7, endosperm ; 8, haustorium ; 9, embryo ; 
10, embryonic cap. (After Tscbirch-Oesterle, Atlas.) 


The chief points to note are the long, narrow cells of the outer 
epidermis of the testa ; the sclerenchymatous cehs, each con- 
taining a nodule of silica, which form the inner layer of the 
testa ; and the abundant thin- walled perisperm cells containing 
small starch grains and small prismatic crystals of calcium 
oxalate. For powder see p. 108. 

The author understands that cardamom pericarps or husks 
winch are periodically offered in the drug auctions are seldom 
bought openly, hut the fact that they are eventually disposed 
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of privately makes it probable that they are used for purposes 
of adulteration. They may be identified in the form of powder 
by tbe pitted fibres and spiral vessels of the fibro-vascular 
bundles and by the abundant, empty parenchymatous cells. 

Constituents. — Cardamom seeds are usually said to yield 
from 2 to 8 per cent, of volatile oil. Parr^^ who distilled 
genuine samples of Ceylon-jVIysore and Ceylon-Malabar, 
obtained 2*6 per cent, from the former and 1*3 per cent, from 
the latter. Both oils had the same specific gravity but the 
Ceylon-jVIysore oil had the higher optical rotation. The 
following figures are suggested as covering most pure samples 
of the oil : S.G. 0*923 to 0*945, optical rotation -5-24 to -f"48°, 
refractive indes 1*4620 to 1-4675, ester value 90 to 150. The 
oil contains a high proportion of terpinyl acetate, free terpineol 
and cineole. 

The seeds also contain abundant starch and calcium 
oxalate. Ripe seeds yield about 3*5 to 5-5 per cent, of ash, 
and unripe seeds rather more (B.P. ash not more than 6 per 
cent.). 

Allied Drugs . — The long wild native cardamoms of Ceylon 
(Fig. 84, K) are derived ixonxlElettaria Cardamomum var. major 
Thwaites. They are much more elongated than the official 
variety, sometimes attaining a length of about 4 cm. The 
pericarps are dark brown and coarsely striated. The oil 
distilled from them is used in hqueurs. The following 
characters distinguish it from the oil of the official variety : 
S.G. 0*895 to 0*906, optical rotation -{-1.2 to +16'^, ester value 
25 to 75. 

No other similar drugs, unless we include grains of paradise 
which are described below, are imported in any quantity or 
with any regularity, and we therefore do no more than list a 
number of allied species the seeds of which somewhat resemble 
those of the true cardamom. They are : — 

Amomum Cardamomum, the round or cluster cardamom 
of Siam and Java. 

Amomum xanthioides, the bastard or wild Siamese car- 
damom. 

Amomum aromaticum and A, suhuladum, the Bengal and 
Nepal cardamoms. 

Amomum maximum a Javanese plant. 

Afr amomum Korarima, the Korarima or Abyssinian carda- 
mom. 

Afr amomum mala, the Fast African cardamom. 



PBARMA COGNOSY 


Afmmomum Hanbiirii and A. DaniclUi, Cameroon carda- 
moms. 

Afmmomum angustifolinm, Madagascar cardamom. 

Costus spcciosus, CMnese cardamom. 

■gses. — ^The principal uses of cardamoms are as a flavouring 
agent in curries and cake. I^arge quantities are used in 
Scandinavia and Germany for this purpose. Some is used 
in the manufacture of liqueurs and a relatively small amount 
in pharmacy, chiefly in the form of Compound Tincture of 
Cardamom. 


GRAMA PARADISI 

Grains of Faradis£, Guinea Grains, Melegucta Pepper ; F. Grains 
de Paradis, M anigiiette ; G. Paradieskorner 

Source. — Grains of paradise are the seeds of Aframonimn 
Meiegueta, a reed-like herb 1-5 to 2 metres in height which is 
widely distributed in tropical West Africa. The fruit is much 
larger than a cardamom ; it has a thick, fleshy pericarp en- 
closing an acid pulp in which numerous seeds are embedded. 

History. — ^The spice has been an article of commerce from 
\ery early times. It was originally conveyed overland to 
Tiripoli, its exact geographical source being then unknown in 
Furope. In the fourteenth and fifteenth centuries direct 
trading with the West Coast of Africa commenced, and 
Columbus, who traded on the coast of Guinea, called it Costa 
di Maniguetta. 

Characters. — ^The seeds are hard, reddish-brown, about 
3 mm. in length, and of a somewhat flattened, pyramidal shape. 
The testa is papillose but at the more pointed end of the seed 
the fibrous remains of the funiculus are sometimes present. 

Internally the structure resembles that of a cardomom 
seed ; a starchy^ perisperm surrounds a small yellowish endo- 
sperm in which the embryo is embedded. When crushed the 
seeds have an aromatic odour ; the taste is intensely pungent. 

Consfituenfei. — The pungency of grains of paradise is due to 
a yellowy oily substance, paradol (Thresh 1884), which Nelson 
(1917} has shown to be very closely related to ginger ol. Both, 
for example, give a blue colour on mixing with vanillin and 
sulphuric acid and diluting with a little water. They differ, 
however, in that the pungency of paradol is little affected by 
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boiling with a 2 per cent, solution of potassium hydroxide, 
whilst that of gingerol is destro\'ed. 

The spice yields 0*3 to 0*75 per cent, of volatile oil of 
S.O. 0*897. It has an ester value of 41*2 and an ester value 
after acetylation of 63*9. 

Fses. — The seeds are now mainly used in veterinary 
medicine and to give pungency to alcoholic liquors. They are 
also said to be an adulterant of pepper. 


Order MICROSPERM.^ 

The order Microspermse contains the two families Orchi- 
dacese and Bnrmanniacese. 

Family OItCHIDA(IELaE 

The Orchidaceas includes about 400 genera and 6,000 species. 
The plants are widely distributed and of varied habit ; many 
are epiphytes. The flowers are medianly zygomorphic and 
the seeds are without endosperm, points which distinguish this 
family from the Burmanniaceae. The trimerous flowers are 
usually very conspicuous. They show considerable reduction 
in the androecium, only one or two stamens being fertile. 
The inferior ovary^ develops into a capsule which is usually’’ 
unilocular and possesses three, double, parietal placentas on 
which the extremely minute seeds are borne. 

VANILL^^: FRUCTUS 

Vanilla ; Vanilla Pods ; F. and G. Vanille 

Source. — ^Vanilla consists of the carefully-cured, fully-grown 
but unripe fruits of Vanilla planijolia. The fruits of other 
species, such as V . Pompona Schiede, are also used but to a 
much more limited extent. 

Vanilla plani folia is largely grown, in a semi-wild state, in 
the woods of Eastern Mexico, its natural home. It has also 
been introduced into many oceanic islands and is now culti- 
vated in Teunion (or Bourbon), Mauritius, Seychelles, Mada- 
gascar, Java, Ceylon, Tahiti, Guadeloupe, Martinique, and the 
Dutch East Indies. 

HistoTy. — Va nill a was found in Mexico by the Spaniards, 
where it was used for flavouring chocolate, a use to which it is 
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still put. It found a place in the Ivondon Pharmacopoeia 
of 1721. 

In 181C1 a cutting of Th gnianensis was introduced from 
Cayenne (French Guiana) into Reunion. This was followed 
in 1822 by the introduction of V. flanifolia into the same 
island. Until about 1841, owing to the absence of the insects 
necessaiy^ for pollination, the Reunion plants had no commercial 
use, but on the introduction of hand-polHnation the cultivation 
of vanilla spread rapidly not only in Reunion but in other 
islands. The Bourbon vanilla of commerce, although largely 
grown in Reunion (Bourbon), is also obtained from Mauritius 
and Seychelles. 

Cultivation. — Vanilla requires a warm and fairly moist 
climate. Propagation is simple, cuttings i to 3 metres long 
being attached to trees, e.g. Casuarina equisetifolia, where they 
soon strike roots on the bark. The plant is an epiphyte. It 
fimvers at the end of two or three years and continues to 
produce fruit for thirty- or forty years. The flowers are usually 
pollinated by women and children, a pointed stick being 
introduced into one flower after another. Each operator will 
pollinate about 800 to 1,000 flowers in a morning. Only a 
limited number of flowers on each plant are pollinated as it is 
found that this produces larger and better fruits. 

Collection and Cuiing. — The fruits are collected when the 
upper part of the pod changes in colour from green to yellow. 
The characteristic colour and odour of the commercial drug 
are only developed as a result of enzyme action during the 
curing- The details of the latter process vary somewhat in 
different countries, but the following method is still used to a 
considerable extent although tending to be displaced by very 
slow drying in sheds which are kept at carefully regulated 
temperatures. The fruits are placed in baskets and immersed 
once, twice, or thrice in water at a temperature of from 70° to 
85"^. The duration of each immersion varies from 6 seconds 
to 2 minutes according to the temperature of the water and 
the number of dippings. The drained pods are packed in 
wool-covered boxes until the following day, when they are 
placed in thin layers between woollen blankets which are 
exposed to the sun during the heat of the day. As night 
approaches they are packed in wool-covered boxes. This 
procedure is repeated on each of the following days until the 
slow dr3ring is completed- This curing takes from 15 to 
60 or more days, according to the state of the weather. 
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Packing and Grading. — Before grading any pods showing a 
tendency to mould are picked out. The remainder are 
sorted into three or four grades according to quality, the 
pods of each grade being then sorted to size and packed in 
bundles of 50 pods, which are botmd in three places. These 
are packed in tin cases or boxes holding about 10 or 
12 kdograms, soldered up and packed in wooden cases. On 
arrival in Tondon the tins are opened and the pods re-graded 
(Fig. ii). During the storage in Tondon crystals frequently 
develop on the surface of the pods, except in the case of the 
Bourbon drug, on which they have usually appeared while 
they were in Paris. Pods of excellent quality sometimes 
develop no crystals.* 

Characters. — ^Vanilla pods are 15 to 25 cm. in length, 8 
to 10 mm. in diameter, and somewhat flattened. The surface 
is longitudinally wrinkled, dark brown to violet-black in 
colour, and frequently covered with needle-Hke crystals of 
vanillin. The fruits are very pliable and have a very charac- 
teristic odour and taste. 

A transverse section of the fruit shows under a lens a 
pericarp divided into two unequal valves and a single cavity. 
Extending into the latter are three double parietal placentas 
to which numerous very minute seeds are attached. The 
cavity also contains a dark-coloured balsamic fluid secreted 
by the lining hairs (Fig. 92, B). The latter seen under the 
microscope are seen to contain globules of oil (Fig, 92, C). 
The pericarp has a diffuse ring of vascular bundles and in its 
parenchymatous cells are crystals of both calcium oxalate and 
vanillin in addition to much brown oleo-resinous matter. 

Constituents. — ^According to Goris (1924) green vanilla 
contains three glycosides, namely, glucovanillin, glucovanillic 
alcohol, and a third which has not yet been isolated. During 
the curing these are acted upon by an oxidising and a hydro- 
lysing enzyme which occur in all parts of the plant (E^comte, 
^9^3) * Glucovanillic alcohol 3delds on hydrolysis glucose 
and vanillic alcohol ; the latter compound is then by oxidation 
converted into vanillic aldehyde (vanillin). Glucovanillin, as 
its name impHes, yields on hydrolysis glucose and vanillin. 
The third constituent yields no vanillin on hydrolysis but a 
strongly aromatic ester. 

* Exhausted and redried vanilla pods are sometimes dusted with, crystals 
of henzoic acid to render them more like the genuine drug. A genuine crystal 
mixed on a watch-glass with phloroglucinol and hydrochloric acid gives a 
carmine-red colour (distinction from benzoic acid). 
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The average amounts of vanillin present in tlie different 
commercial varieties are : Mexican, 1*30 to i*8o per cent. ; 
Bourbon, 0*75 to 2*80 per cent. ; Javanese, 1*50 to 2*75 per 
cent. ; Tahiti, 1-5 to 2*o per cent.* 

Vanillin is the aldehyde corresponding to methylproto- 
catechuic acid and has been s^mthesised in a number of ways. 
Large quantities of it are prepared from engenol isolated from 
oil of cloves. Vanillin occurs in several balsamic drugs, 
e.g. balsam of Peru and storax, and in the seeds of the white 
lupin. 

Uses. — ^\^anilla pods are widely used in confectionery and 
in perfumery. The^" have been replaced to some extent, but 
by no means completely, by synthetic vanillin. The latter 
fails to represent the odour and flavour of the whole pods. 

* There appear to be three kinds of Tahiti vanilla derived respectively 
from plants of true Vanilla planifolia type, from V. planifolia var. angusta^ 
and from V. Tiarei. 



CHAPTER XIX 


Phylum ANGIOSPERMiE ; Subphylum 

DICOTYLEDONS 

Grade A. MonocMamydeae 
Order SALICALES 
Family SAHCACE^ 

The Salicaceae is the only family in the Salicales and consists 
of two genera, namely, Salix and Popukis. There are about 
i6o species of Salix (willows, osiers, and sallows), and some 
30 species of Populns (poplars). The flowers are dioecious and 
occur in catkins, those of the willows being erect and those 
of the poplars pendulous. 

Glucosides such as salicin and populin (benzoylsalicin) 
occur in the bark, leaves, and buds of many species. The 
internal bud scales of the poplar have glandular surfaces which 
secrete balsam (Populi Gemmae N.F., Balm of Gilead Bud). 
Willow charcoal is the chief form of wood charcoal used in 
this countr}", and the proprietary French charcoals are 
generally prepared from young poplar shoots. 


SALICIS CORTICES 

Willow Barks ; F. £corce ie SauU ; G. Wddennnde 

Source.— WTdte willow bark is obtained ixom Salix alba, and 
black willow bark from Salix discolor (the pussy willow) and 
S. nigra. Both black and ■white "willow barks are commercial 
articles ^though now but little used in pharmacy. Most of 
the species of Salix which have been examined contain salicin, 
but the principal commercial sources of this glucoside appear 
to be S. fragilis ^xl 6. S. ptirpurcaj which are largely grown in 
Belgium for basket-making and yield a thin reddish bark 
knowm as rood schors/' 
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Characters. — White willow bark usually occurs in channelled 
pieces lo or more cm. long, i to 2 cm. wide, and about i mm. 
thick. Such bark is smooth or only slightly wrinkled on the 
outer surface, but older bark is rugged and thicker. The outer 
surface is greyish-brown while the inner surface is of a pale 
reddish colour and finely or coarsely striated according to age. 

Black willow bark from S, discolor occurs in long, very 
thin, fibrous strips. It has a brownish or greenish-brown, 
wrinkled cork and a reddish-brown inner surface. The bark 
of S. nigra resembles it but is somewhat darker and thicker. 

Willowr barks develop a few layers of cork cells each year, 
the outer tangential w^alls of which are sclerosed. The outer 
part of the primary cortex is collenchymatous. In young 
barks a ring of pericycHc fibres is found, but later this ring 
bursts and isolated groups of fibres are found. Groups of 
sderenchymatous fibres occur in the phloem surrounded by 
crystal-fibres containing numerous single crystals of calcium 
oxalate. Cluster crystals occur in the cortex and phloem. 

Constituents. — ^With the exception of S*. discolor (which 
contains the glucoside salinigrin) most of the other species 
of Salix examined contain salicin. It is also present in some 
poplars, e.g. P. tremula and P. tremuloides , together with the 
glucoside populin (benzoylsalicin) . The amount of glucoside 
present appears to be subject to considerable seasonal varia- 
tion, the bark of S. sitchensis containing 7*38 per cent, when 
gathered in the spring and 2-80 per cent, when collected in the 
autumn. The approximate salicin content of other species 
is as follows : ‘p%irpurea, 6 to 7 per cent. ; S. fragilis, 
3 per cent. ; S. nigra, 0-7 per cent. ; and S. alba, o*6 per cent. 
Willow barks also contain a considerable amount of tannin 
and have in fact been employed for tanning leather. Willow 
barks give tests for phlobatannins. 

Preparation of SaJicin.- — The glucoside and tannin are 
extracted from the hark by macerating it in hot water for 
some hours. The liquid is filtered, concentrated in vacuo and 
treated in turn with linde, lead acetate and basic lead acetate. 
The filtered liquid, which is now free from tannin, is con- 
centrated and then allowed to cool, when crystals of salicin 
separate. These crystals may be purified by dissolving them 
again, filtering through animal charcoal, and reciystalHsing. 

Tests for Salicin. — ^For the general characters of salicin the 
student is referred to the Pharmacopoeia. The following 
tests should be carried out : — 

19 
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T Hvdrolyse some saUcin by boiUng it with dilute sialphuric 
acid for about 20 miuutes. Add excess of caustic soda and then 
warm the solution with Fehling's solution The reduction 
obi“-ed is due to glucose, and the hydrolysis may be 

= C.H „0 e + CeHdOH) CH ,OH 
Glucose SaEgeuin (salicyl 
alcohol) 

2 Hydrolysis may also be brought about by means of 
emulsin, a miWe of enzymes which may be prepared from 
sweet almonds * The emulsin should be aUowed to act on 
the salicin solution for an hour or more, dunng winch the 
mixture should be kept in a warm place. It may then he 

tested with. Fehling’s solution. . , t,- t, 

^ The test described in the Pharmacopoeia, in wmch 
salirin is heated with dilute sulphuric acid and pota^ium 
dichromate, depends on the fact that the sahgemn produced 
by hydrolysis is oxidised to the corresponding aldehyde, 
salicylic aldehyde, which has a characteristic odour. 


OH 


OH 


4-6 = I 1“'^ -hH^O 

\/ 

Sahgenm (salicyl alcohol) SalicyHc aldehyde 

4. Salicin on treatment with sulphuric acid a red 

colour which disappears on the addition of water. ^ This test, 
known as the rutihn reaction, is not given by sahmgrin. 

Uses —White willow bark is used to a limited extent as a 
hitter and astringent. SaHcin is used for rheumatism, 
influenza, ague, malaria, and certain chronic skin diseases. 


Order FAGALES 

The Fagales is divided into two families, the Betulacese 
and the Fagacese. 


Family FAG-ACEiE 

The Fagace^ consists of 5 genera and about 350 species, 
all of which are trees or shrubs. Of these some 200 species 


*= Populin or benzoylsalicin is not hydrolysed by emulsin, but an enzyme 
preset & poplar bark hydrolyses it into benzoic acid and sahcm 
of two spSS of Papulus which have been examined yielded from 0-79 

cali/'in 
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belong to the genus Quercus (oak). Other important genera 
are Fagns (heech) and Castanea (chestnut). The flowers are 
monoecious except in Nothofagus. The flowers of Quercus 
rohur (Fig. 93), are typical of the family. The fruits are sur- 
rounded by a cupule. 

The phellogen arises in the outermost layer of the primary 
cortex. In Q^tercus the cork cells are mostly flat and thick- 
walled. A peculiar feature of some species, e.g, Quercus suher, 
an important cork-yielding species, is the sclerosis of the inner 
portions of the primary medullary rays, A ring of 



Fig. 93. — Quercus' rohur. A, shoot bearing male, and female, $, 
inflorescences. B, male flower ; C, female flower ; D, diagram of female 
flower ; E, longitudinal section of female flower ; c, cupule. (From 
Rendle's Classification of Flowering Plants.) 

sclerenchyma is present in the pericycle and both single and 
cluster crystals of calcium oxalate are usually found. 

QUERCUS CORTEX 

Oak Bark ; F. jScorcc de Chine ; G. Eichenrinde 

Source. — The oak bark of the B.P. 1885 consisted of the 
dried bark of the smaller branches of Quercus rohur. In 
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Afiirrica the bark of the indigenous white oak, Q, alba, is 
iiicliicied in the Xatloiial hh^nniilarv*. 

Ckaractew. --Young iKik bark occurs in channelled pieces 
f>r ii|> t<.i» 20 cm. in length and 3 breadth. The 

exterior bears a silvery-grey cork which in younger pieces is 
marked i%ith brown lenticels. Internally the bark is well 
cliaraeteri:sed by the cinnamon-brown or reddish-brown colour 
ami the v^ty marked, longitudinal fibres. Oak bark has a very 
astringent taste and reSfKJnds to tests for phlobatannin, 
ellagitamiiii and gallic acid. 

Constituents. — Young oak bark contains about 15 to 20 
|x*T cent, of taiiiiiii and old bark from 5 to 10 per cent. This 
api^ears to o^nsist chiefly of an amori)hous phlobatannin 
hiuerci tannic acid), which when boiled wdth dilute sulphuric 
acid is converted into a r€*d dish-brown pMobaphene, oak-red. 
The bark also contains gallic acid and, according to Ware, a 
little eliagitaimin. 

Uses.— ajak bark is used to a limited extent as an astringent, 
but its main use is as a tanning material. 


GALLA QUERCINA 

Gatki : Gaiis ; Aleppo, Turkev, or Syrian Galls ; N nig alls ; 

F. Gaiie d\ilep ; G. Galldpfel, Gallen 

Soorw.— Ttirldsli galls are vegetable growths formed on the 
young tuigs of the dyer's oak, Quercus infectoria Olivier, as a 
result of the de|K)sitiori of the eggs of the wasp, Cynips gallcB 

iinctoriiM Olivier. 

The dyer’s oak is a small tree or shrub about 6 feet in 
height which is foimd in Asia 3 fcIinor, S^uia, Persia, Cyprus, 
and Greece. Exceheat iUustratioms of the insect Cynips 
gidim Mneioria and the stages in the formation of galls are 
given by Tschlrch, The insect, by means of its ovipositor, 
ptinctuies the young tissue of an oak bud and deposits an egg 
in the wound. It w^as formerly thought that the subsequent 
abiiomial development of vegetable tissue round the larva 
was due to the iiitiwiiaction of some substance by the ovipositor. 
According to Cc^ens, however, this is due to an enzyme- 
wntaining secretion, prcniiiced by the young insect after it 
has emerged from the which by the rapid conversion of 
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starciL into sugar stimulates cell~divisioii. x4s starch dis- 
appears from the neighbourhood of the insect, shrinkage 
occurs and a central cavity is formed in which the insect passes 
through the larval and pupal stages. Finally, if the galls are 
not previousl3" collected and dried, the mature insect or imago 
bores its wa^" out of the gaU and escapes. During these 
changes the colour of the gall passes from a bluish-grey through 
olive-green to almost white . 

Galls are collected the peasants of Asia Minor (particu- 
larly in the province of Aleppo) and Syria. After drying in 
the sun, during which they lose about 50 per cent, of their 
■weight, they are bought up b^" the exporters. The latter 
grade them according to colour into the three grades blue, 
green, and white which are found on the Dondon market. 

History. — Galls were well known to the ancient writers and 
Pliny records the use of their infusion as a test for sulphate of 
iron in verdigris, possibl^’^ the earliest mention of an attempt 
to detect adulteration by chemical means. 

Macroscopical Characters. — ^Aleppo galls are globular in 
shape and from 10 to 25 mm. in diameter. The\^ have a short, 
basal stalk and numerous rounded projections on the surface. 
Galls are hard and hea-vy, usually sinking in water. The so- 
called blue variety are actually of a grey or brownish-grey 
colour. These, and to a lesser extent the olive-green “ green ” 
galls, are preferred to the “ white variety in which the tannin 
is said to have been partly decomposed. White galls also differ 
from the other grades in that they show a circular tunnel 
through which the insect has emerged. Galls -without this 
opening have insect remains in the small central cavity. 
Galls have a very astringent taste. 

Mcroscopical Characters. — Sections through a gall show a 
very large, outer zone of thin-walled parenchyma, a ring of 
sclerenchymatous cells, and a small, inner zone of rather thick- 
walled parenchyma surrounding the central cavity. The 
parenchymatous tissues contain abundant starch, masses of 
tannin, rosettes and prisms of calcium oxalate, and the rounded, 
so-called ‘‘ lignin-bodies,'’ which give a red colour with phloro- 
glucinoi and hydrochloric acid. 

Constituents. — Galls contain from 50 to 70 per cent, of the 
tannin known as gallotannic acid (Acidum Tannicum, B.P.). 
GaMotannic acid is a typical gallitannin (see p. 6^1) and the 
drug according to Ware contains no appreciable quantity of 
either phlobatannin or ellagi-tannin. Galls also contain gallic 
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acid (atoiit 2 to 4 per cent.K ellagic acid, starch, and calcium 

oxalate. 

Fiselier s investigations of galiotannin (from Chinese galls) 
show it to be pentadicralloylglucose, a condensation product 
of one molecule -f with five molecules of digalHc acid. 

Solutions of tannic acid tend to decompose on keeping with 
formation of gallic acid, a substance which is also found in 
many commercial samples of tannic acid. It may be detected 
by the pink colour produced on the addition of a 5 per cent, 
solution of potassium c^'anide. 

Exfaactton of Tannin. — The present British Pharmacopoeia 
states that * * Tannic acid may be obtained from the galls of 
varioite specie of Qmrcus, by subjecting them to a special 
fennentation and extracting them with water-saturated ether,'"' 
The last B.F. to give fuller details was that of 1885, which says: 

Galls in powder, ether, of each a sufficient quantity. Expose 
the powdered galls to a damp atme^phere for two or three days, and 
afterwards add sufficient ether to form a soft paste, bet this stand in 
a well-ek»ed vessel fcjr twenty-four hours, then, having quickly 
enveloped it in a iiaeii cloth, submit it to strong pressure in a suitable 
so as to ^parate the liquid portion. Reduce the pressed cake 
to powder, mix it with sufficient ether, to which one-sixteenth of its 
bulk of water has been added, to form again a soft paste, and press 
this as Ibefore. Mix the expressed liquids, and expose the mixture to 
?o:is evaprrnticn antii, by the aid subsequently of a little heat, 
:: 1 the eciisistence of a soft extract; then place it on 

eartl«i plates or dishes,, and dry in a hot-air chamber at a temperature 
not examling .212® F.” 

It is salci that ^commercial tannin is now very largely 
prefmred by the use of acetone and other solvents and that 
mticii m prepared from Chinese and Japanese galls. 

AIWI Ikogs. — ^Many different kinds of galls are known. 
They are geneialy produced on plants, but sometimes on 
animals. In ad«Jitioii to the laj:ge number produced by 
particularlT ol the genera Cytiips and Aphis, some are 

du c ed by fun gi. 

Ckimem JmpBwmm gaiis are of considerable commercial 
iinpciilanc*. They axe produced by an aphis, ScMecMendaria 
sim^msis, cm the of the leaves of Rhus javanica 

fAimCTTdiacea^. TIm^ galls are irregular in shape and 
part:}-' covered vrith a grey, velvety down, the removal of which 
a mMMk-hmwm surface. They break easily and 
show a la^c, cavity containing in^ct remains. They 

CMtain from 57 to fio per cent, of tannin. 
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Crowned Aleppo galls are sometimes found in samples of 
ordinar3’- Aleppo galls. They are about the size of a pea, are 
stalked, and bear a crown of projections near the apex. The 
insect inducing them is Cynips poly car a, 

Htingarian galls are produced by Cynips lignicola on Qnercus 
rohur growing in Yugoslavia. They are used in tanning. 
English oak galls contain about 15 to 20 per cent, of tannin. 

Uses. — Galls are used as a source of tannic acid, for tanning 
and dyeing, and in the manufacture of inks. Tannic acid 
is used as an astringent and in the treatment of bums. 



Fig. 94 . — A-G-, Ulmus campesiris ; A, flower-bearing twig ; B. flower ; 
C, same in longitudinal section ; D, fruit ; E, embryo ; F, diagram of 
inflor^cence ; G, diagram of flower. (From Rendle's Classification oj 
Flowering Plants,) 


Order URTICIFLOR^ 

The order TJrticiflorae consists of four families : the Ulmace^, 
XJrticaceae, Moraceae, and Cannabinaceae. For the distinguish- 
ing characters of these families Rendle's Classijication oJ 
Flowering Plards may be consulted. 



2titi FHAMMACOGXOSY 

Faniilv mMACEM 

Tiiirti*eii genera and about i;]o species. Trees or shrubs, 
latex (distiiieti«)n from ]\IoracereK Cork is developed 
■>'.u ..-rf..,. and consists of cells with wide lumina. IMucilage 
cells are found in the bast of {but not all) species of 

I Imns. 

Kriglisii elm bark, the bark of Uimus campcstris (Fig. 94), 
was formerly official and was used as a weak, demulcent 
astringent. It is still a eoniinercial article and appears to be 
iise«l as a domestic remedy. It contains less mucilage than 

s!ip|>er>* elm bark. 


ULMUS FULViE CORTEX 

Slippery Elm Bark ; F. iScorce d'Ornic Roux ; 

G. Vimcnrinde, Rustcrrindc 

Source. — S!ip|A^r>' elm bark is obtained from Uimus fulva, 
a tree 15 to 20 m. in height which is widely distributed in 
the Northern parts of the U.S.A. and in Canada. The drug 
is mainly obtained from the regions round the Great Takes. 

In the spring fairly old bark is stripped from the trees. 
The outer p>art of the bark is then removed, only the inner 
part, mdiich forms the commercial dmg, being dried. After 
samdiig this into con venient lengths it is bound into bundles 
will wire. 

Oiaracters. — The drug occurs in broad, flat strips about 
50 to 100 cm. in length and from i to 4 mm. in thickness. A 
few reddish-brown patches of the imperfectly removed rhyti- 
.! he seen, but the remainder consists only of secondary 

phloem. The outer surfU'Ce is browmish-yellow and striated, 
the imier surface yeEowish-white and finely ridged. The 
bark is easily identified by the characteristic, fenugreek-like 
csdoui-, thc^ strongly fibrous fracture and by the fact that it 
yields nimdlage when moistened. 

^ Fowdered j^ppery elm bark is fawn-coloured. Under the 
micr«co|M it shows numerous slightly lignified hast fibres, 
mucilage, prisms of calcium oxalate, and starch. Cork cells 
sboald be few or ab^iit. 

Inferior bark, possibly not always derived from Uimus 
fuhm, is ^metimes seen in commerce. This cannot be folded 
leagthwi« ivithoat breaking and is deficient in mucilage. If 
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lo grains of good quality bark in powder are shaken with a 
fluid ounce of water a thick jelly-like mass will form in 15 
minutes. This may be used as a test to distinguish it from 
inferior qualities. 

Constituents. — ^The chief constituent of the hark is mucilage. 
This is precipitated by lead acetate or lead subacetate, but not 
by alcohol. The tannin present has been estimated at 3 to 
6*5 per cent. 

Uses. — ^The mucilage present has demulcent, emollient, and 
nutritive properties. A poultice of the powdered bark is 
often used. 


Family MORACEL® 

The family Moraceae consists of about 60 genera and 1,000 
species, almost all of which are trees or shrubs. Important 
genera are Ficus {700 species), Morus (mulbeny), and Arto-' 
carpus (bread-fruit). Tatex cells are found throughout the 
faroily (distinction from Ulmacese and Urticaceae). The latex 
of Ficus elastica yields Assam rubber and that of Casiilloa 
elastic Cl ^delds "Castilloa or Central American rubber. The 
latex of Antiaris toxicaria, the Upas tree of tropical Asia, 
is very poisonous. Cystoliths and long bast fibres are other 
characteristics of the family. 


FICUS 

CariccB Fructus ; Figs ; F. Figues ; G. Feigen 

Source. — ^Figs are obtained from Ficus Carica, which is 
widely grown in the Mediterranean countries, particularly 
Asia Minor (Smyrna figs), Greece, and Spain. Figs are used 
in the preparation of Confection of Senna, where they are 
described as figs of commerce."' 

Characters. — The fruit is produced by the union of the 
cymose inflorescence to form a hollow, fleshy axis bearing the 
fl[owers on its inner surface. In a young fruit, which is rich 
in latex, the bract of the main axis and the two bracteoles of its 
lateral branches may be seen at the base. Pollination is 
brought about by a gall- wasp. The flowers are unisexual and 
there are two kinds of female flowers, some long-styled (seed- 
producing flowers) and others short-styled (gall-flowers). In 
the seed-producing flowers the insect is prevented from laying 





PH A EM A i (JGNCAS Y 


its ill the ovary by the stigmatic hairs, but the gall-flowers 
have eg'gs laid in their ovaries and are sterile. 

Ill the mature fruit no latex is found and the fleshy axis 
is filled with sugar. The interior contains numerous small 

dnif^es and wasp ^gs. 

Consituente, — ^The fruits contain about 50 per cent, of 

gliicc^. 

Family CAHHAMNACRaE 

This small family includes only three species, namely, 
Humulm Lupmius (common hop), Hum tdusjapontcns (Japanese 
or Chinese hop), and Cannabis saliva (hemp). These plants are 
aromatic herbs with more or less palmately-dhdded leaves and 
persistent stipules. Both genera are normally dioecious, but 
tlie moiifecious condition can be induced in both. The male 
flfjwers have ti\'e perianth leaves and five stamens, while the 
female ones haii'e a small, cupnlike perianth (perigone), a 
ovary, two conspicuous stigmas, and a single ovule. 
1 he fruit is a nut containing a curved {Cannabis) or rolled 
{H mmuius) embryo and little endosperm. 

Important microscopic features are the long bast fibres, 
which attain a length of 22 mm. in hemp (p. 142) ; the uni- 
irellular hairs, which often contain cystoliths ; and the 
hairs, the heads of which are usually divided by 
vertical walls only. 


HUMULI STROBILI 

Humulms ; Hops ; F. Houhlon ; G. Hopfen 

5. — ^Hof^ are the dried strobiles of Humulus Lupulus, 
Only the pistillate plants axe cultivated, large quantities being 
|>r«lttc»i in England (particularly Kent), Germany, Belgium, 
France, Ktmm, and (^lifo'niia. The strobiles are collected, 
dried in kilie and prised into bales known as pockets.'" 
They are someliiiies expe^ed to the fumes of burning sulphur, 
treatment wMch is said to stabilise the aroma and colour. • 

^ were cultivated in England in the reign of 

the Conqueror- For considerable periods their use 
in beer was not favoured and other plants were frequently used 
to a Mttcr taste. 

— The hop strobile is a cone-like structure about 
3 to 4 cm. in length* It co'i^ists of memb'raneoris stipules and 
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bracts wMcb are attached to a zigzag, hairy axis. Each small 
branch of the axis bears a bract, represented only by its pair 
of stipules, which subtends either four or six bracts, each 
enclosing a flower or fruit (Fig. 95, G). The stipules and 
bracts resemble one another closely, but only the latter enclose 
the immature fruits (achenes). On the fruits and bases of the 
bracts are numerous shining glands (Fig. 95, B and C). These 
when separated constitute the drug lupulin. Hunmlus 
japonicus bears no lupulin-glands. 



Fig 95 — Mumtdus Lupulus. A, strobile ; B, fruit in axil of a bract ; C, fruit 
covered with lupulin glands; Di-I>6, stages in the formation of a 
lupnlin gland ; E, fruit axis ; F, mature lupulin gland ; G, plan of 
female inflorescence, the Iwract 0) represented by its pair of stipules, 
subtending four flowers each with perigone (p) and stigmas (s). (A-C 
after Tboms, D and F after Ranter, G after EicMer.) 


mm 
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Lmpuliii coninit-'ice is generally very' iinpnre owing to 
the fact tliat it is obtained by sieving the sweepings of the 
ll«K)rs. It fK’ciirs as a granular, reddish-brown 
• -.-v'l'-r a characteristic odour and bitter aromatic taste. 

h h..rx.r.< on keeping, the odour becoming somewhat 
valcriaiiacemis. Under the microscope gdands such as those in 
Fig. 05, F. may* be seen, each containing an oleo-resinous 
sc^cretioii which forces out the cuticle on one side. This 
se€Teti«m extides if the gland is burst by applying pressure to 
the cover-slip. The drug also contains a considerable amount 
of sane! and fragments of the bracts and stipules, which have 
wavy- walled epidermal cells. 

ConstitBents. — The bracts and stipules of the hop contain 
tannin, but the odour and taste of the drug are mainly^ due to 
the very' c<uiiplex secretion contained in the lupulin glands. 
Dn distillation the fruits yield 0*3 to i-o per cent, of volatile oil, 
about 80 per cent, of which consists of an olefinic ’’ terpene 
and a sesquiter^iene called '' humulene."' Deussen (1911) 
suggests that ** humulene ” is i-ot-caiymphyllene with a small 
amount of ^-caryophyllene. The oil also contains esters of 
valerianic and other acids. The bitterness is due to a number 
of substances, one of which, humulol, has been obtained in 
cry'stalline form, while the valerian-like odour which develops 
on keeping is due either to the decomposition of one of the 
resins or to the hydrolysis of the valerianic esters of the oil. 

Uses. — Hop pillow’s are sometimes used to promote sleep 
anti an infusion is used as an aromatic bitter. 

CANMABIS INDICA 

Indiapi Metmp, Hemp, Guaza, Ganja ; F. Chanvre de V Inde ; 

G. Indischer Hanf 

— The Indian hemp plant, although formerly con- 
sidered to he a distiii'Ct species, is now regarded as a variety 
of CmmmmMs smUra, the common Kuropean hemp.'*' The drug 
consists of the dried flowering and fruiting tops of the pistillate 
plants from which no resin has been removed. The Indian- 
grom'ii drug is largely produced under the control of the Bengal 
Go\’eninient in the region north of Calcutta, cultivation also 
extending south-w^t through Central India to the neighbour- 
of Bombay* and southwards into the Madras Presidency. 

• MSditsde, pp. 282—3, distinguislies three types of 

sfifira, namely, vaj. var. sinensis, aEi.d vax. indica. 



CAXXABIXACE.^ 


SOI 


Tlie drug is no-w also produced in East Africa (Zanzibar), South 
Africa, Tripoli, Asia Minor, and the U.S.A. (Texas, B. Carolina, 
etc.). 

History. — ^Hemp has been cultivated for its seeds and fibres 
from a very remote period, but the narcotic properties are 
usually not marked in plants grown in temperate regions and 
even in India an active drug can only be grown in certain 
districts. The drug is mentioned in early Hindoo and Chinese 
works on medicine, and its use slowly spread through Persia 
to the Arabs. It was used by the Mohammedan sect known as 
the Hashishin or assassins w^ho came into contact with the 
Crusaders in the eleventh and twelfth centuries. The drug 
attracted the attention of Europeans at the time of Napoleon’s 
Egyptian expedition, but its introduction into Western medicine 
is mainly due to experiments made by 0\Shaughnessy in 
1838-39. 

Production of Bombay or Flat-Ganja. — The drug used in 
England is known as JIat -or Boynbay gnaja.* Its production 
is now confined to three small villages near the town of Ahme- 
dnagar, due east of Bombay. Police supervise the growing of 
the crop and the production of the drug. These villages supply 
drug for export and for use in the whole of the Bombay 
Presidency, and some of the Native States and vSind. 

The seed, which is obtained from Almora in the United 
Provinces, is sown in light sandy or loamy soil which has been 
well manured and watered. When the plants are about 
20 cm. high they are thinned out and weeded- The remaining 
plants are pruned to encourage the growth of fiowering 
branches. As soon as the male plants can be identified they 
are pulled up, since they produce little resin, and shaken over 
the female ones to ensure fertilisation. Two varieties of 
plant are met with, the smaller, which produces the best resin, 
reaching a height of about 1*8 metres. The cutting and prepara- 
tion of the drug in these villages has recently been described 
as follows f : — 

“ In Ganja making only the flowering tops of the hemp plant are 
used- They are covered with innimierable glandular hairs exuding a 
resinous substance. During manufacture, this substance is trodden 
into the flower heads to impart to the Ganja its narcotic quality. 

“ Harvesting of the floral spikes commences in the morning and 
continnes till 5 p.m. The green cuttings, as they are called, are then 

* In England the Hindustani word ganja is corrupted to guaza. 

f The Illustrated Weekly of India, July 4 , I937» 21 . 
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trs t!ie inaiiiiliirtiirinj^ yard and spread out in long ridges and 
furrijws. Tilt pn?cliiet is left in this condition till the next morning, 
wlwti the riflges are levelled dovm and the treading operation begins. 
This makes the tloral slitxjts into c-ompact sheaves. About a dozen 
men in a tine i»n the edge of the imifomily spread green cuttings 

liiwl !A*gin treading : thev work gradually from the outer edges towards 
tlw rt*ntre. Free luently 'the treading is done to the rhythmic beat of 
the tosii-toin, supplemented sometimes by peculiarly shaped wind 
instruments, to mM a touch of gaiety to the work. The beat of the 
drum, the walling of the pipes and the weird contortions of some of the 
tre.Miers all cximbme to lend a touch of tamasha to the scene from which 
tisr workers derive as much fun as the onlookers. 

* ' When the cuttings have been completely trodden down they 
arc tuni'ed over, allawcti to ciiy' for some time, then trodden again. 
This is repeated four or times before 5 p.m. They ^ are then col- 
kirted jmmI ananged in a flat circular heap, called chakki, more layers 
Icing acidwl to it until t!;.- rc -.lirt-d height of two or three feet is reached. 
Three or four men star:-: ' r.'thr hCL.p and tread in each layer as it is 
added. 

*' Ileaw stones are then placed on the compact mass. [Latent heat 
is generated within the mass under such pressme and also by the escap- 
ing water- vapour and by the gases of chemical changes inside. The 
m^aiiufavturrr tests the heat by inserting his hand into the chakki. 
When a certain degree of heat has been reached, the stones are removed, 
anti t!ie chakki is broken up into small heaps — -which are left in that 
eonflitioii for one night. The foUo-wing day, the heaps are loosened 
by hand and the Clanja is spread out in a uniformly thick layer. 

" ' Treading cm the chakki again follows, and on the fourth day, after 
one or two more treadings, the Ganja is ready for storage in special 
slictls. There it is sifted free of dust, stone, seeds and leaves, and then 
:S€iit to the depot at Ahmednagar. It is now greenish-brown. 

“ Imsalfioeiit treading results in a semi-dry loosely formed sheaf 
of Ctanja, and carefes^iess -with regard to -the temperature of the 
ctelrii mins the prod-act, Govemment derive a revenue of Rs. 30 per 

of < c.,n>uracd in the Presidency. Constables are placed in the 

Ganjr. fields to protect the crop against theft. It is a readily market- 
able and the maturing emop acts like a magnet on the 

iahabltaists of ntd^dibouring villages ! 

H«pttp Pro^iicfes. — ^Three main types of narcotic product 

are pri^iic«i : 

1. Tlie stioit-stemmed pistillata infloresences wMch when 
suitably prepared form g&nja. The preparation of fiat- or 

gamja,^ thie drag used in England, is described above. 
In ,;^]Qgal and other parts of India a ri>umd- or Bengal-ganja is 
proT lirird by rolling the wilted tops intO' small masses between 
the liaiicis Fig. Ckur-ganja or rma cons^ists of frag- 

ments and ptwder. 

2. Bkmng (Hindiistani) or Hashish (Arabic) * consists of 

* The AmMc aame kmskish fhemp) is used not c«ly for the plant but also 

fc** tk© crude resin and otlier prejwtrmticms made from the plant. 
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the larger leaves and twigs of both male and female plants. 
It is widely used in India for smoking, either with or without 
tobacco and drugs such as opium or datura, or is taken in 
the form of an electuary made by digestion with melted 
butter. 

3. Charas or churrus is the crude resin. This is obtained 
by rubbing the tops between the hands, beating them on 
cloths or carpets, or by natives wearing leather aprons walking 
among the growing plants. The resin is scraped oJff and forms 
an ingredient of numerous smoking mixtures. lyike bhang 
it is also used with butter. 



Fig. g6. — Drying flowers of hemp to form Ganja, Pavedn, North Arcot 
District, Madras. (From the Imperial Institute Collection.) 


In North Africa the product used hy addicts is known as 
Mef and in South Africa as dagga, 

Macroseopical Characters. — ^The flat- or Bombay-guaza of 
Hnglish commerce occurs in agglutinated flattened masses of 
a dull green or greenish-brown colour. The resin is no longer 
sticky but hard and brittle ; and the odour, which is very 
marked in the fresh drug, is faint. The drug has a slightly 
bitter taste. Here and there ovoid hemp seeds may be picked 
out- Before further examination the drug should be soaked 
in successive quantities of alcohol to remove the resin, and then 
softened in water. 

The lower digitate leaves of the plant are seldom found in 
the drug. The thin, longitudinally furrowed stems bear 
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simple or lolml. stipulate bracts. These subtend the simple 
bracts eiidosing the pistillate flowers. The arrangement thus 
rc*<enibles tliat of Humuius (see Fig. 95, G) except that the 
outer bracts, which are represented in Humulus only by pairs 
Ilf sti|)iiles, have in Cannabis a lamina w^hicli may be simple 
nr di’i’ided into three lobes. The bract (or hracteole) enclosing 
each flower is simple. The perigone enveloping the lower 
part of the ovary and the two reddish-brown stigmas can be 
seen with a lens. 

Micn^copicaJ Characters. — The resin is secreted by numerous 
glandular hairs, ijo to 250/t long. The head is usually 
»H-cellecI and the j^eclieel inultiseriate or unicellular. Abundant 
coiiicah cur\'ed, unicellular hairs are also found, man^^ having 
V y-t . of calcium carbonate in their enlarged bases. Cluster 
crystals of calcium oxalate are abundant, particularly in the 
bract eoles. 

Constitueate. — The resin (T. and H. Smith, 1845) is a brown, 
amorphous semi-solid ; soluble in alcohol, ether, and carbon 
disulphide. It lias a |K>werful narcotic action and is often 
called “ cannabinooe,” a name given to a product isolated 
by Merch. By extracting the crude resin, charas, with ether 
and fractionally distilling the extract a toxic red oil is obtained 
from which a substance, cannabinol, w^as isolated (Wood, 
Easterfield. and eo- workers 1896-9). Frenkel (1902) isolated 
from hemp a thick, strongH’-smelling, yellow liquid having 
powerful narcotic properties, which was also called cannabinol. 
i*raiikel and Cnerkis attribute to cannabinol the formula 

but it appears to be a different substance 
from the cannabinol examined by Wood and his co- 
workers. 

In addition to the above, the drag contains a small quantity 
of a tevorotator^y volatile oil containing terpenes, and a 
ce«qr*!terpene (cannibeue) ; also the alkaloid, choline, and 
carbonate. It yields about 15 per cent, of ash and 
from 10 to 18 per cent, of alcoholic extract. 

The MHnewhat Imf^rfect state of our knowledge of this 
drug is due to the ease with which it deteriorates. As pre- 
viously nientionwi, it is almost inert at the end of two years 
under ordinary conditions of storage. D'Cterioration appears 
to lx due to the action of an oxydase enzyme on cannabinol, 
which oxidi^ with the greatest xeadine^. This view is 


S«e Wallis, P^rm»cognasy , Big. 45. 
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-upheld by an obser\-atioii of Eckler and Miller ^ that the drug 
moistened with alcohol and sealed in a barrel retains its full 
activity for five years. 

Vaneties. — ^In addition to the Indian-grown drug described 
above, importations have taken place of East African, South 
African, and TJ.S.A. (1919) drug. 

Uses. — ^Hemp is used as a sedative and hypnotic. It acts 
chiefly on the central nervous system, producing at first 
pleasurable excitement and indifference followed by deep sleep. 
As no chemical assay of the drug is available preparations are 
sometimes tested by biological means. 


Order SANTALALES 

The order Santalales consists of the families Santalacese, 
Toranthaceae (mistletoe family), Balanophoraceae, and Cyno- 
moriacese. 


Family SANTALACE® 

The family Santalaceae consists of 26 genera and about 
250 species of hemiparasitic herbs, shrubs, and small trees. 
The woods of several species of Santalum and the oils obtained 
from them are of commercial importance. 

SANTALI LIGNUM 

Lignum Santalinum Album ; Sandalwood ; F. Bois de Santal 
Blanc, Bois de Santal Gitrin ; G. Weisses oder Gelhes 
Sandelholz 

Source. — Sandalwood is the heartwood of Santalum album, 
an evergreen tree 8 to 12 metres in height which is widely 
distributed in India and the Malay Archipelago. Supplies are 
mainly derived from Southern India, from the provinces of 
Mysore and Madras, where the trees are systematically 
cultivated and the cutting controlled. In other parts, where 
no control has been exercised, the trees have been much 
reduced in number. 

Chillivation and Preparation. — ^The seeds are sown either in 
beds or two or three in a hole. In the latter case a Capsicum 
seed is also introduced as this germinate very rapidly, shading 

* Eckler and Miller, J. Amer. Phemm. Assoc., 1917, 6, 872. 
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tile sandal seedling and at the same time giving it food, for the 
sandal is a sei'iii-|iarasite. Trees which are grown slowh' in 
|MM)r soil develop tlie most heartwood and are the richest in 
oil. When sufficiently grown (27 to 30 years), the trees are 
aprooted and deprived of their bark and sapwood. In Mysore, 
tlie principal source of supply, the heartwood is conveyed to 
(k>veninient dej>ots, where it is sawn into billets, graded 
and weighed. In 3 rIysore it is sold by auction, and large 
c|iiaiitities of the oil are prepared from it in the State. Some 
m"cx>€l is, however, exported and oil distilled from it in 
Eiir€'>|:)e. 

Characters. — ^Sandalwood occurs in hard, heavy billets or 
in chips of a yellowish or pale reddish colour. It has a strong, 
characteristic odour and a slightly bitter taste. 

The volatile oil is contained in all the elements of the wood, 
namely, meclul!ar>* ray cells, vessels, wood fibres, and wood 
IKarenchyma. The medullaiy rays are one or two cells wide. 
The rather large vessels are usually isolated and possess 
bordered pits. The fibres are ver>" numerous and have 
I M: oir.ted ends. The small number of wood- 

I -rcr.^.!iyr.:a cells contain prisms of calcium oxalate. 

ConsMtncjafe. — ^The only important constituent is the oil, 
CJIeum Santali. 


OLEUM SANTALI 

Oi€um Saniiiii, B.P., Oleum Saniali Flavi ; Oil of Sandalwood, 
£m^ Indian Sandalwood Oil ; F. Huile Volatile de Sanfal; 
G, S&nddkoizM, Osiindisches Sanddholzol 

Somro. — Sandalw<KKi oil is prepared by distillation from the 
heartwcMMi of Sanialn-m album. The yield varies from 1*5 to 

6 per cent. 

Cfenrtitwate. — The oil contains about 90 to 97 per cent, of 
sesquiterpene alcohols, distinguished for purpose of analysis 
as santalol"' This consists of a-santalol (b.p. 300-301'') 
and (b.p. 170--171®). The oil also contains small 

c|iiaiitities of the ses<|iiiterpenes a- and j8~santalene, esters, 
liydrcMiarhoiis (santene and nortricycloeksantalane) , ketone 
Isantenoae and antalone), alcohols (teresantalol and ^ntenone 
alcohol), and aldetiydes. 

The offidal oil is required to contain not less than 90 per 

cemt. of alcohols calculattti as santalol, and not less 
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than 2 per cent, of esters calculated as santalvl acetate, 
Ci7B[2602* 

Allied Drugs. — ^The following oils have been examined and 
particulars of them may be found in Parr\^ ’s Chemistry of 
Essential Oils : New^ Hebrides Oil (S. album), Tahiti oil 
( 5 . Freycinetiantim), Hew Caledonia oil (S. austro-caledonicum), 
Fiji oil ( 5 . Yasi), South Australian oil ( 5 . preissianum), West 
Indian oil {Amyris halsamifera-'R.nto.QO:^), and Fast African 
oil (from a species of Osy/'fs-Santalacese). 


OLEUM SANTALI AUSTRALIENSIS 

Oleum Safitali Australiensis, BJP. ; Oil of Australian 
Sandalwood ; West Australian Sandalwood Oil 

Source. — ^Australian sandalwood oil is prepared by dis- 
tillation and rectification from the wood of Eucarya spicata 
Sprague and Summerhayes, a small tree growing in Western 
Australia. 

History. — ^From the Pharmacographia it appears that there 
has long been a considerable export of Australian sandalwood 
to China. It is only within recent years, however, that the 
oil has found a place in English medicine. 

Constituents. — The oil contains sesquiterpene alcohols 
known as fusanols.'' When first distilled the proportion of 
these present in the oil is said to be less than required by the 
Pharmacopoeia, but the subsequent rectification yields an 
official oil containing not less than go per cent, of free alcohols 
calculated as C15H24O. 

tJses. — Both Indian and Australian sandalwood oils are 
used in perfumery. They are also employed as disinfectants 
for the urino-genital tract and as expectorants in bronchitis. 

Order ARISTOLOCHIALES 

The order Aristolochiales includes the Aristolochiaceae and 
two families of reduced parasitic foams, the Rafl^acese and 
the Hydnoraceae. 


Family ARIS^DDLOCHIACELS 

A family of about six genera and 200 species, of which about 
180 belong to the genus Arislolochia, Most of the members 
are herbs or climbing plants with woody stems. Oil-secreting 
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cells arc found throughout the family, sometimes forming 
clots on the leaves. The oils of Asarum eiiropcBum 
|Kiirii|^‘aii siiake-woodi, Asarmn eanadcnsc (Canadian snake- 
TCMitg and ArisiidAiM'hia Serpentaria (Virginian snake-root) 

have l»em exaniiiied. 


SERFENTARI-^ RHIZOMA 

Srp :A Li. B.P. ; Serpent ary Rhizome, Texan Snakeroot ; 
F. Scrpeniaire ; G. Schlangenwurzel 
Source.- — Official serpent ar>'" consists of the dried rhizome 
and rm>ts of AridAnchia reiieulata. This is known in 
commerce as Texan or Red River sexpentary and is 

collected in the woods of 
Texas, Touisiana, Arkansas, 
and Oklahoma. 

Macroscopical Characters. 
— ^The drug has a yellowish 
colour when fresh, the 
colour becoming brown on 
keeping. It consists of 
small rhizomes bearing the 
remains of subaerial stems 
and numerous wiiy^ roots. 
The rhizomes are about i 
to 2 cm. in length and 2 to 
3 mm. in diameter, while 
the roots are about 10 cm. 
in length and from 0*2 to 
1-2 mm. in diameter. The 
official drug contains 
not more than i o per 
cent, of subaerial stems. 
The capsular fruits and 
fragments of the coriaceous 
strongly reticulated leaves 
(from which the plant 
receives its specific name, reticulata) are occasionally found. 
Odour, camphoraceous ; taste, camphoraceous and hitter. 

^ daaiw^rs.—A transverse section of the 

riiizoiiie shows a starchy, eccentric pith (nearer the upper 
surface of the rhizome than the lower), wedge-shaped, yellowish 
vascular bandies separated by wide medidlary rays, and a 



Fiii. ci7_— -Rlii^onQe asd roots of Aris- 
Ms f£^ii£u£aM IXewmaii). 
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narrow bark. ^ In the roots the bark is relatively large and 
the endodermis and exoderniis are snberised. They Iiave 
a small central wood and no pith. The stems possess ligiiiiied 
cells in the cortex and are strongly pubescent when ^''oung. 
The powder shows reticulate vessels and tracheids and 
numerous starch grains, both simple and compound. 
Occasional oil cells and non-glandular hairs (from the stem) 
may also be found. Calcium oxalate is absent except for a 
few^ rosettes from the leaves. 

Allied Bnig . — Virginian snakeroot, from ArisiolocMa Ser- 
pentaria, was formerly official but its regular importation has 
now ceased. It closely resembles the Texan drug, but has a 
smaller rhizome and more wiry roots. 

Constituents. — The drug contains volatile oil, bitter 
principles, and tannin, but appears to require further chemical 
investigation. Virginian snakeroot yields i to 2 per cent, of 
volatile oil and the Texan drug is said to contain rather more. 
Many species of Aristolochia contain bitter substances. The 
amorphous aristolochine ” found in A. reticulata by Chevallier 
may be an impure form of the orange-yellow, cr>"stalline 
alkaloid aristolochine isolated from A. clematitis and A. rotunda 
by Pohl (1891) and from A, argentina by Hesse (i 8 gx- 2 ). 

Uses.— -Snakeroot was formerly used as a snake-bite 
remedy but is useless for this purpose. It is now mainly 
employed as an aromatic bitter. In overdoses it produces 
violent gastro-intestinal irritation. 


Order POLYGONALES 

The order Polygonales consists of the single family 
Polygonacese. 


Family FOLY(K)IirACIILE 

A family of about 32 genera and 700 species, of which 29 
species are indigenous to Britain (docks, sorrels, bistort, etc.). 
Rheum (rhubarb), which is of central Asiatic origin, is widely 
cultivated. Most members are herbs with simple, usually 
entire, leaves with ocreate stipules. The flowers are small, 
regular, and hypogynous ; usually hermaphrodite and 
trimerous. The typical arrangement consists of two whorls 
of perianth segments (usually alike), two whorls of staniens, 
and a triangular tricaipellary, superior ovary with a single 
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anti cine erect ovule. Doubling of the outer^ whorl of 
stamens cicciirs iii Rht’um and Rtmiex. The fruit is a one- 
stedeci, tisimliy three- winged nut, t\g. the fruits of Riancx 
si'iedes, which are used for dusting on Turkish opium. 


RHEI RHIZOMA 

Rheum, B.P., Ehei Radix ; Rhubarb, Rhubarb Rhizome, 
Ckimse, Turkey, or East Indian Rhubarb ; F. Rhuharbe ; 
G. Rhabmrber, Rhaharberu'urzel 

Source. — The Pharmacopoeia describes rhubarb as the 
rhizome of Rheum palmatum Ivinn. and possibly other species 
of Rheum, cultivate in China and Tibet, deprived of most of 
its bark and dried. It is known in commerce as Shensi, Canton 
or high-dried rhubarb.*’ 

The genus Rheum comprises about 25 species, the S3^ste- 
matic study of which is made unusually difficult by the 
tendency of cultivated plants to form h^^brids such as R. 
paimmimmxundidaiumi and R, palmatum xEmodi. Tschirch, 
who has made a profound study^ of the drug, divides the 
palmatum-group into Rheum palmatum Finn. var. a-typicum, 
R. palmaium var. p-ianguiicmn Haximowicz and Rheum 
lmKgt$iimm Tschirch.* Photos of the living plants of these 
s|M!cies and also of R. officinale Baillon and R, hybridum var. 
C&Mimmmmm Baillon appear in the Handbuch der Pharma- 
k^gnosie, Tschirch is of the opinion that the ‘‘ northern 
rhubarb obtained from Kukunor f is the product of Rheum 
pmlmmlmm wax. imnguiieum, while the southern rhubarb 
from Szetschwan is derived from R. officinale. The greater 
imit of gomi Chinese rhubarb appears, however, to be derived 
from the former source. 

The northern ” rhubarb grown in Kukunor (Tibet) and 
in the ueighbonring Chinese province of Kan-su is sold to 
mcrchanis from Shen-si, whence it is conveyed down the 
Han-kiang % to Hankow and the Yang-tse-kiang to Shanghai. 
Some rhml^b is also produced in Shen-si but whether this is 

* Accoxciiiig to HiHamelbaar, V. B. Bkarm., 1929, p. 135, Rheum iangu- 

tzcmm Taciircli » a liyfarid. 

t I* or a, mMi of thae Tim^h^h-grovniig districts of Ctaina see TscMrcli, 
Pkmrmmkogmm*, Btod II, A. 2, p. 1366. 

I Mmmg mm 
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derived from the same type of plant as that found in Kuktiiior 
is not known. The “ southern rhubarb grown in the Chinese 
provinces of Szetschwan and Hupei, i.e. on the highlands 
flanking the north bank of the Yang-tse-kiang, passes to places 
on the river such as Tschung-king (Chung-king) and thence by 
boat to Hankow and Shanghai. 

History. — Rhubarb is mentioned in a Chinese herbal dated 
about 2700 B.c. Trading caravans are known to have passed 
from Shensi westward to Bokhara as early as 1 14 B.c., whence 
the drug might have reached Europe either by way of the 
Black Sea or down the Indus to the ancient port of Barbarike. 
The drug known to Hioscorides and Pliny as P/^a (the ancient 
name for the Volga) is generally regarded as a species of 
Rheum, possibly R. rhaponticum, grown east of the Black Sea. 
vSeribonius Eargus and Celsus in the first century A.r>. call 
the drug Radix pontica or Rha ponticum (Pontus Enxinus being 
the ancient name for the Black Sea). It has therefore been 
suggested that rhubarb imported via the Black Sea would be 
called rha-ponticum and that coming via Barbarike would be 
known as rha-barbarum , whence our names rhapontic and 
rhubarb. 

The Arabs were aware that the drug sold as Turkey or 
Persian rhubarb, which came from the East via Persia to the 
Eevant ports (eleventh and twelfth centuries), was of Chinese 
origin and preferred it to the pontic variety. Marco Polo 
(1250-1323), the celebrated Venetian traveller who lived in 
China for about thirteen years, mentions the abundance of 
rhubarb in the ancient kingdom of Tangut (which corresponds 
roughly to the modem province of Kan-su). 

The ly^vant rhubarb gradually disappeared from trade, and 
in 1640 the drug principally used in England was shipped 
direct from China or by way of India, and was known as 
Chinese, Canton,* or East Indian rhubarb. The name 
Turkey rhubarb was, however, applied in England (but 
not on the Continent) to the drug imported through Russia. 
From 1653 Chinese rhubarb was imported into Russia by a 
more nortberly route than hitherto, passing through Urga 
on the north of the Gobi desert and through Siberia to Moscow. 
The Russian Government, 1687— 1762, held a virtual monopoly 
of the trade and hy rejecting aH rhubarb which was not of the 
highest quality the Moscovy " dmg gained a deservedly 

* Prior to 1842 Caaton was ttie only CMnese port open to European trade. 
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high Tt-iJiitutiiiii. Canton, however, offered an easier outlet 
for the linig, and the freeing of the other Chinese ports in i860 
rapidlv leii to the abandoiinient of the Russian route and, 
incidentally, to the exi)ort of less carefully prepared drug. 
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Fig. — liliiatart). A, dia-grammatic transverse section ^of rhizome _ of 

; B, the same of officinale -typQ \ C, longitudinal section 
c»l a young rMzoroe of i?. palmaium var. ^-ianguticum. i, phloem; 
j;, cAHihiuTO ; 3, radiate wood ; 4, star-spot ; 5, apical bud ; 6, lateral 
bad. fA and B after photomicrographs by Tschirch, C after Tschircb- 

CbltorMon md Preparation. — CMnese rliubarb is mainly 
collected in tlie mountains at a height of about 3,000 to 
4,cjK)o metres., that grown at a lower level being less esteemed.* 

* Ferrot «aci 'Goris feave shown that rhubarb grown in the Pyrenees is 
erf ^iotilar quality to the Chinese drug, while most European rhubaxb is much 
mienc/r, l^vmiia, aaotlief mountainous country, is said to grow rhubarb 

of eiciseileat aiiali 
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The ridzomes are dug in the autumn or spring when about 6 to 
lo years old. After cleaning, the crown and smaller branches 
are cut off, the rhizome is decorticated and is then cut into 
convenient-sized pieces for drying. Some pieces are sliced 
longitudinally, yielding the “ hats of commerce, while those 
which are only cut transversely are called rounds." The 
drug of English co m merce may be divided into four grades, 
namely, Shensi (flats and rounds). Canton (flats and rounds), 
Se-Tschouen (flats), and “Common Rounds.*' The last two 
grades are together known as “ High-dried." 

Shensi and Canton rhubarbs are dried without the aid of 
artificial heat, holes being frequently drilled in the pieces by 
means of which they are threaded on cords and suspended in 
the shade of trees or in huts. In some districts, Se- 
Tschouen, the climate is not favourable for open-air drying 
and the drug is dried artificially over brush- wood fires or on 
heated stones. The drug is imported in zinc-lined wooden cases. 

Rhubarb is somewhat liable to insect attack and the pieces 
are sometimes decayed internally. Buyers pay particular 
attention to the fracture and state of the interior of the drug, 
preferring that with a good pink fracture (see Pig. lo). 
Before powdering, each piece should be split open and any 
dark or decayed portions removed with a chisel or file. 

Characters. — The rhizomes of Rheum palfnatum and R. 
officinale are essentially similar in structure. Fig. 98, C, shows 
a longitudinal section of a two-year-old rhizome of the 
palmatum-ty'pe. As mentioned above, the crown and most of 
the bark have been removed in the commercial drug. The 
cambium produces phloem on its outer side and normal radiate 
wood on its inner side. In addition, abnormal vascular 
bundles known as “ star-spots " are produced at an eauly stage 
in the pith.* These anastomose with one another and with 
the leaf-trace bundles. According to Tschirch, rhizomes of the 

Solereder’s Systematic Anatomy of the Dicotyledons (English, translation), 
p. 673. “ In a young branch of the rhizome the pith is traversed by a complete 
network of anastomosing strands of soft bast, which are axTanged in transverse 
zones, following closely upon one another and corresponding to the nodes ; 
th^ie strands unite the leaf-txaces, and are also connected with one ano^er 
by bundles, which traverse the intemodes either in a vertical or oblique 
direction, and mostly run in the neighbourhood of the xylem-ring. Around 
each of these strands of soft bast a cambial ring, developi^ at an early stage, 
produces rays of soft bast on its inner, and ra^rs of wood with abundant 
parenchyma on its outer side, whilst between the xauys of wood and bast it 
gives rise to medullary-iay-tissue which, become filled with red colouring- 
matter. Brides occurring in i?. of[udnale^ they are found in R, Emodi,. 
R. rhaponticum, and i?. palmatum, but they are not pres«it in R, ru-gosum 
and other species." 
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j-typi* are by the relativeh’' small size 

«'if the star-spots (average diameter 2*5 mm.) and the fact 
that they form a coiitiniioiss ring, while R. ojjictnale has larger 
star-s|>c>ts (average diameter 4*1 mm.) which are more irregu- 
larly distributed (see Fig. 08, A and B). 

Bearing the above facts in mind, the Pharmacopoeia should 
be consulted and the outer surface and transverse section 
of the drug examined. 


€^, — Cll 
rradered 


shensi round. The reticulations have been 
washing ofi the adherent powder (Newman). 


Snriace.-— The firm texture, non-shruuken appearance 
and reticulations of the outer surface help to rfi's+in gfish the 
Chinese drug from European rhubarbs. The reddish-brown 
fusiform or lozenge-«baprf markings on the outer surface are 
the medullary rays, and the whiteness of their background is 
due to starch and calcium oxalate contained in the phloem- 
I^-rencfcyma. The reticulate effect is best seen in rhizomes 
ot pe p^lmatum-trp^, the medullary rays of which are narrow 
and only about 6 cells deep. In the EngHsh officinale drug 
such reticalatioiis are rare since the medtiUary rays are about 
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3 to 6 cells wide and from 40 to 200 cells deep, and the 
appearance is one of somewhat elongated, parallel, red and 
white lines. wSimilar parallel lines are found on Chinese 
high-dried rhubarb and on English rhapoiitic rhizomes (but 
not as a rule on Continental rhapontic/' which is not of the 
same botanical origin as English rhapontic ’h. 




















^ 0 ^ 
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Fig. ioo. — ^Chinese rFubarb. A, diagram of a star-spot ; B, portion of same ; 
C, medullary rays as seen in tangential longitudinal section, i.e. on outer 
surface of drug ; B, elements of powder, i, medullary ray ,* 2:, xylem 
witli few vessels and abundant parenchyma ; 3,^ cambium ; 4, phloem 
containing starch and calcium oxalate ; 5, starch-containing cells of 

pith ; 6, fragments of vessels ; 7, starch. (A and C after Planchon, 
B after Moller, D after Greenish and Collin-) 
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Any small reddisli-brom'n points on the surface are leaf- 
trace bundles, wMcb have a star-spot structure. ^ If the drug 
has been veiy’ deeply jx^eled the outer surface will consist of 
the normal or even the abnormal wood. In the flats the inner 
surface shows star-spots, and the union of these with one 
another and mth the leaf-traces may be seen. The best 
rhubarb is usually covered with powder produced by filing 


Fjg,. ioi. — Ciimese rliiabarb — Canton round (Newman), 

the pie€» after drying, and the removal of this by rapid 
wasMng mak^ the surface reticulations much clearer. 

— ^In transverse section the cambium 
appeals as a dark Hue with a cert.ain amount of phloem on its 
outer side. Here and there it is interrupted by deep peeHng 
and the radiate wood may also be partly removed, especially 
ia the sever^y cut, Mgh-dxied variety. The differences in 
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size and arrangement of the star-spots in the palmaium- and 
officinale-ty^^s may be seen in Fig. gS. 

(c) Powder. — Powdered rhubarb, when derived from 
rhizomes having a good pink fracture, is of a bright yellow 
colour. It has a characteristic odour and a bitter, slightly 
astringent taste. 

Rhubarb may be identified under the microscope by the 
abundant, ver3^ large calcium oxalate rosettes ; the simple and 
compound starch grains ; the reticulate vessels and other 



Fig. 102. — English rhubarb — Rheum ojfficinale (Newman.) 


wood elements, which give no reaction for lignin ; and by the 
yellow- coloured masses of the medullary ray cells, which are 
insoluble in water and give a pink or red colour with alkalis.’*' 
See also, p. log. 

Varieties. — The names of the following commercial varieties 
have no precise geographical significance : — 

Shensi, — This is the best variety and corresponds most 
closely with the official description. Its appearance has 

* According to Berthier (1899) the anthraquiaone derivativ'es axe localised 
in the cells of the medullary rays and wood parenchyma. 
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iisiiaily brtti inipr«.nx'ci by iiliiig, which leaves a yellow coat of 
pimaicV. Till* drag is veiy compact, unshruiiken, and almost 
free from eiiipyreiimaiic odour. When broken with a mallet 
or axe (cutting or sawing produces powder) the transverse 
sectitiii is imifornily pink and of the palmafum-ty^e. It yields 
a briglit orange- yellow powder. 

Canton rhubarb, although an important variety, appears to 
tjv imported to a lesser extent than was formerly the case. It 
usually lacks the bright yellow coat of the Shensi and the 
suifait: reticulations are less marked. Internally it is pinkish 



Fig. 103. — Chinese rliapontic rhubarb (Newman). 


and grantilar, the star-spots as a rule being indistinct. 
T,lie «loiir is .more empyreumatic than the Shensi. 

— ^This term includes Se-Tschonen flats and 
** common rounds/^ the former usually being of the better 
quality. Th«e are extremely hard and difficult to break, 
tending to fracture obliquely whilst the Shensi and Canton 
break traiKveiscly. The transverse section closely resembles 
that of tile Shensi, but the general appearance and strong, 
empyreiimatic odour makes this variety inferior to the Canton. 

AJHwi — Attempts to produce medicinal rhubarb 

have been repeatedly made in England and on the Continent, 
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but the results obtained have not been sufficiently successful 
to lessen appreciably the demand for the Asiatic drug. Bnglisli 
rhapontic rhubarb has been grown near Banbury since 1777 
and Rheum officinale in the same neighbourhood since 1873. 
Rheum palmaiiim was grown in Somerset. Vorkshire. and 
^Middlesex in the eighteenth century^'. In considering the 
structure of Bnglish and Continentar rhubarbs the tendency^ 
of the plants to form hybrids must not be neglected. 

English officinale rhubarb is spongy in texture and inferior 
to the Chinese drug. The outer surface is wrinMed and bears 
conspicuous parallel, red and white lines. The star-spots are 
of the large and scattered officinaleAype. 

English rhapontic rhubarb consists of rhizomes and roots, 
which are usuall}' sold separately. The surface is deeply 
wrinkled. The rhizomes possess scattered star-spots but the 
roots are entirely radiate in section. Whereas good Chinese 
rhubarb is uniformly pink internally, this drug is partly 
pink and partly of the bright orange colour of a fresh dock root. 

Chinese rhapontic rhubarb is usually smaller and darker 
than the above. The exterior is furrowed and often bears 
cork. The pieces tend to be hollow or cracked in the centre. 
The section consists mainly of pink radiate wood, which forms 
well-marked concentric rings. 

Constituents. — Rhubarb contains two types of compounds, 
one exerting a purgative and the other an astringent effect. 
These are sometimes called the rheoanthraglycosides (anthra- 
quinone derivatives) and rheotannoglycosides (astringent 
principles) respectively. 

I. Anthraquinone Derivatives. — ^Experiments made on fresh 
rhubarb by Wasicky and Heinz indicate that no free anthra- 
quinones are present in the fresh drug ; hut anthraquinone 
glycosides are found, except in the winter when they are 
replaced by anthranol glycosides. The above seasonal change 
is of interest, since if collection of the Chinese drug is interrupted 
by early snow, collection appears to be resumed in the early 
spring. 

Rhubarb has been repeatedly examined and the following 
anthraquinone derivatives isolated : — 

Chrysophanol or chrysophanic acid^ CH3.Ci4H502(0H)2 
(ScMossberger and Dopping, 1844), and its glucoside (Gilson, 
1898, and Hunkel, igoo). 

AUe-emodin, CH:2(OH).Ci 4H502(OH)2, the primary alcohol 
corresponding to chxysophanol (Hesse, 1894)- 
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Rhein, COOH.ChHsOjCOH);, the acid corresponding to 

aloe-ciiiociin. 

Emodin fFraiigula-emodin or rFeum-emodin) , CH3.Ci4ll402 
|<JH)3 (136 la Rue and Miiller, 1857). 

Emodin mononiethyiether ^ CH3.Ci4H402(OH)2-O.CIl3, and its 

gliicoside (Gilson, 1905). 

About 2 to 4*5 per cent, of these compounds is probably 
present but the methods of estimation give only approximate 
results. It has been said that of these compounds only 
cl-irys-- hano! and aloe-emodin are laxative, and Kroeber (1923) 
considers they contribute little to the purgative action of the 
dmg. Tschirch and Schmitz {1928), however, strongly deny 
the statements which have been periodically made to the 
effect that the anthxaquinone derivatives are relatively inert, 
and point out that the physical state of these substances appears 
to influence their physiological action. 

Tutin and Clewer {1911) consider the chief laxative con- 
stituent to be a non-glycosidal resinous mixture yielding gallic 
acid, cinnamic acid, and a number of anthxaquinone derivatives 
on hydrolysis. Caspaiis and Goldin (1923), on the other hand, 
attribute part of the laxative action to reduction products of 
the anthraquinones. 

2. Astring^t Principles.^ — The chief astringent principles, 
according to Gilson, are glucogallin, free gallic acid, and 
catecMn. Clucc^allin gives glucose and gallic acid on 

li3"drolysis. 

Rhubarb also contains rheinolic acid, a phytosterol (vero- 
sterolb starch, sugars, fat, pectin, and calcium oxalate (about 
7 per cent,), Chinese rhubarb yields about 7 to 13 per cent, 
of ash and Buropean 1-3 to 6 per cent. The acid-insoluble 
I, ash should not exceed i per cent. In the absence of a satis- 
method of assay, the amount of alcohol (45 per cent.)- 

tiMe extractive is an indication of purity (B.P. not less than 
P 5 |«r cent.). 

^ OcKii^toieiits of Rhapontic Rhubarb- — Rhapontic rhubarb 
api^ais to contain no emodin, aloe-emo'din, ox rhein. It 
contatns a crystaline glyceride, rhaponticin, which gradually 
se|«rate on standing from an ethereal extract of the drug. 
T<«ts based on this fact are not sufficiently delicate to show 
the presence of than about 25 per cent, of rhapontic 
rhul»rb in a mixtuie with Chinese. Pure rhapontic can be 
distingu^od from ■CMnese by examination in filtered ultra- 
violet iight, ih& rhapontic giving a violet colour and the 
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CMnese a velvety brown. Here, again, the technique requires 
improvement to make the test of more practical value in the 
detection of mixtures. See, however. Fig. 231. The technique 
now described in the Pharmacopoeia is said to detect rhubarbs 
containing 5 per cent, or more of the rhapontic drug.* 

Tests. — Chinese rhubarb ^ves the usual tests for anthra- 
quinone derivatives, gallic acid and catechin. In the author's 
experience the commercial drug does not respond to the borax 
fluorescence test and the selenious acid-sulphuric acid test, 
which indicate the presence of anthranols in aloes and araroba. 

Uses. — Rhubarb is used as a bitter stomachic and in the 
treatment of diarrhoea, purgation being followed by an 
astringent efect. The drug is suitable as an occasional 
aperient, but not for the treatment of chronic constipation. 

Order PIPERALES 

The order includes the Piperacese and two small families of 
little importance. 

Famil}^ PEPERACEiE 

A family of 9 genera and about 1,300 species, of which over 
700 species belong to the genus Piper. The species of Piper 
are almost all shrubs or Hanes with swollen nodes and fleshy 
spikes of flowers. The leaves contain oil cells, e.g. Piper 
angnstifolium (matico) and Piper Belle (betel). Those of the 
latter species were formerly official and are largely used in the 
Bast with areca and Hme as a masticatory. The one-celled 
ovary has a single, basal ovule. The seeds contain endosperm 
and abundant perisperm. 

PIPERIS NIGRI FRUCTUS 

Piper Nigrum ; Black Pepper ; F. Poivre Noir ; 

G, Schwarzer Pfejffer 

Source. — Black pepper consists of the dried, unripe fruits 
of Piper nigrum, a perennial climbing plant cultivated in the 
Malay Arcffiipelago, Southern India, and the West Indies. 
Targe quantities are obtained from Sumatra and Penang and 
from the Malabar coast (TelHcherry) . 

History. — ^Pepper was known to Theophrastus and other 
ancient writers. It was the most important spice used in the 

* Wallis and Withell, Y,B. Pkarm.. 1934, 574-580. For tUe detection of 
rhapontic rhubarb in galenicals, see Crews, Y.B. Pharm ., I93S» 434—444. 

21 
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Middle Ages and was imported into England about a.x^. iooo. 
1 !ie liigli cost of pepper and other Eastern spices was a big 
induce nieiit to the Portuguese to find a sea-route to India, 
and competition for the spice trade has played a large part in 
the cciloiiial expansions of European nations. 

Colection and Pireparation. — ^The pepper vines are grown on 
|K3!es or trees. The inflorescence is a spike of about 20 to 30 
sessile flowers, w^hich develop into sessile fruits. The latter 



Fio. zrrs. — Pfprr nigrum. A, slioot beaxing spikes of fruits. X^; B, small 
: rr; r. ' : :1ower-spike showing three flowers, X4; bract; C, fruit 
ia kmgitii'diaal action x 4 : e, embryo ; n, endosperm ; p, perisperm. 

fFrom licas'die’s Cla$.sific^i€m of Flowering Plants.) 

arc picked when the lower fruits of the spike turn red. They 
Am then removed from the axis and dried, either in the open 
air or hy artificial heat. The fire-dried spice, which has a 
»aiewliat smoky odour, is most esteemed but the ground spice 
is usually a Mend of different v'arieties. 

White f^pper, which is largely used in the East, is also 
obtained from Piper nigrMm^ but the fruits are allowed to 
Ixmme more compleMy ripe. After storing them for some 
da^^s or mmMmg tlican in water, the outer part of the pericarp 
is removed by imbMiig and washing, and the fruits are dried. 
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Macroscopical Characters. — The fruits are almost globular 
and from 3*5 to 6 mm. in diameter. The surface is dark brown 
or gre^dsh-black and strongly reticulated. The apex shows 
the remains of the sessile stigmas and a basal scar indicates the 
point of attachment to the axis. Pepper has an aromatic 
odour and pungent taste. 

Microscopical Characters. — A longitudinal section shows 
that the pericarp consists of the following layers : — {a) epider- 
mis, (6) stone-cell layer, (c) parenchymatous region containing 
isolated oil cells and fihrovascular bundles and on its inner side 
a definite band of oil cells, {d) a single layer of cells with strongl3’ 
thickened inner tangential walls, {c) a double row of brown 
pigment cells, the inner ones darker than the outer. Within 
the pericarp, and completely filling the interior, lies the seed. 
This consists of a small embryo, embedded in endosperm, 
situated near the apex of the fruit, and a large amormt of 
perisperm in which there is frequently a central ca\dt3^. Oil 
cells are distributed throughout the perisperm. 

In white pepper, owing to the removal of the outer part of 
the pericarp, the vascular bundles, which are about sixteen 
in number, run on the outside of the fruit from base to apex. 

Allied Drugs. — Ks mentioned previously, the number of Piper 
species is very large and a description of all the fruits resembling 
pepper is outside the scope of this book. 

Long P&pper is the dried unripe fruit of Piper offidnarum, 
a Javanese species. The spice consists of whole spikes of 
small fruits forming a structure about 4 cm. long and 6 mm. 
in diameter. Individual fruits show a similar structure to 
black pepper. 

Constituents. — Pepper contains from i to 2*5 per cent, of 
volatile oil, from 5 to 9 per cent, of the crystalline alkaloid 
piperine, and a resin (chavicin). The aroma of the spice is 
due to the volatile oil, which consists largely of terpenes 
(pheHandrene and dipentene), while the pungency is ascribed 
to piperine and the resin, 

Piperine, C17H19O3N, was isolated by Oersted in 1819. It 

since been found in Piper officinarum (i to 2 per cent.) and 
in Ashantee pepper, the fruits of Piper Clusii. On heating 
with alcoholic potash piperine is hydrolysed with formation of 
the base piperidine (hexahydropyridine) and the potassium 
salt of piperic acid : 

Piperine Piperidine Piperic Acid 
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The resin is more resistant to hydrolysis with alcoholic 
potasli. It lias been shown (Off, Eichler,^ Eademann,^ and 
Meimann. 1022) to he a compound of piperidine and chavicinic 

acid. 

Black pepper should yield not more than 6-5 per cent, of 
ash and white pep|>er not more than 3 per cent. Ether 
extracts about 7-5 to 10 per cent, from black and about 6 to 9 
per cent, from white pepi^er. 

— I^epi^er is now little used in medicine but large 
quantities are used as a condiment. 


CUBEB^ FRUCTUS 

Ciibtba : Tmkd Pepper ; F. Cubehe, Poivre a Queue ; 

G. Kubehen 

Source. — Cubebs are the dried, full-grown fruits of Piper 
Cuheba, a native of Java, Borneo, and Sumatra. The fruits 
are collected while green and dried in the sun. They were 
used in Eiiro|>e as a spice as early as the eleventh century. 

Characters. — ^The spikes of cubebs bear more fruits than 
tho^ of pepper and although the fruits resemble those of 
y.epr er when young, they become falsely stalked as they mature 
owing to an abnormal development of the base of the pericarp. 
A similar pseudo-stalk is found in other Piper species which 
occur as cubeb adulterants, e.g. Piper Clusii, P. ribesioides, 
and P, Loumig, 

The upper part of the cubeb fruit is globular, 3 to 6 mm , 
in diameter, and covered with a gre3dsh-brown, reticulated 
pericarp, which is prolonged at the base into a straight stalk. 
The latter seldom exceeds 7 mm. in length, while many of the 
|M»able adulterante have longer or shorter stalks. 

The internal structure of cubebs resembles that of black 
pepf^r, but microscopical examination of the pericarp dis- 
clc«s aujmcrous differences in detail. Sections of both cubebs 
and black pepper give a red colour when treated with con- 
centrated sulphuric acid, but this test taken in conjunction 
with the micrc^ropic structures distinguishes these drugs 
from their adulterants, many of which have been examined 
by Hartwicli (1898) 

CkHUEtitaMils. — Gubebs yield 10 to 18 per cent, of volatile 
oil €»ataiiiijig terpens and sesquiterpenes, a crystalline 

^ A sammasy of Hartw^ii's jrwults will be fotind in tbe U.S. Dispensatory. 
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inodorous substance cubebin, a white amorpJious substance 
cubebic acid (i per cent.), and amorphous resin (3 per cent.), 
Cubebin and cubebic acid give a red colour with sulphuric acid. 
Good cubebs yield about 6 per cent, of ash and about 22 per 
cent, of ethereal extract. 

prses. — ^The drug has been emplo\’ed in gonorrhoea and in 
chronic bronchitis. The oil has, however, been deleted from 
the Pharmacopoeia and is now little used. 


Order CENTROSPERM.^ 

In this order, which consists of seven families, is seen a 
passage from the monochlamydeous t33pe of dowser families 
Ph3d:olaccace0e and Chenopodiacese) to the dichlamydeous 
t3"pe of flower {e.g. Caiy^ophyllacese) . The families within the 
order and their relationship to one another may be illustrated 
thus : 

Car>"ophyllaceae 

Amarantaceses | /Aizoaceae 

Phytolaccaceae- 

Chenopodiaceae'^ j ^Xyctaginaceae 

Portiilacese 

Plants of medicinal interest, other than those of the 
Chenopodiaceae, are : Saponaria officinalis (Car^^ophyllacese) , 
which is rich in saponins and is widely used on the Continent, 
and Phytolacca decandr a (Phytolaccaceae), the leaves and roots 
of which are sometimes found in belladonna, while its purple 
berries are used for colouring. 


Family CHENOPODIACEiE 

A family consisting of 75 genera and 500 species ; mostly 
herbs or shrubs with alternate, exstipulate leaves. Floral 
formula typically P5, A5, 0(2-3). The ovary is unilocular 
and one-seeded ; fruit a nut. Of economic importance are the 
beet. Beta vulgaris and spinach, Spinacia oleracea. 

The structure of the axis is often abnormal. This is well 
seen in the beet, where successive short-lived cambia arise in 
the inner part of the cortex, producing concentric zones of 
vascular bundles and conjunctive tissue (compare with that of 
Chenop odium and with Phytolacca), 
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CHENOPODII AMBROSIOIDIS HERBA 

Chen oped sum : Anierican u'ormsced, Mexican Tea; F. Anserine 
Vermifuge ; G. AnierikaniscJics Wsirmsamen 

Source. — ^The official oil of chenopodium is obtained by 
steam distillation from the fresh, flowering and fruiting plants, 
excluding roots, of Chenopodiusn asnhrosioides Linn. var. 
anthelminikusn Gra3'. The plant is common in the Eastern 
I’.S.A. and is largely cultivated in Maryland. 

Characters. — ^The plant is about 30 to 60 cm. in height. The 
lower leaves are 5 to 10 cm. long and the upper ones about i 
to 2 cm. long. The flowers and fruits are both small, the 
latter, which alone form Chenopodium B.P.C., are about 
0-5 to o-y mm. in diameter. The oil is secreted by glandular 
hairs which are found on the leaves, flowers, and fruits. The 
leaves, sometimes known as Mexican tea, have been found in 
samples of belladonna, and although both contain sandy 
crj'stals of calcium oxalate, the hairs of the two plants are 
quite different. The plant has a strong, characteristic odour. 

Constituents. — Chenopodium herb contains about 0-4 to 1 
per cent, of volatile oil, and the fruits about r to 4 per cent. 
This contains 60 to 77 per cent, by volume of ascaridole, 
CioHieGa (B.P. not less than 65 per cent. w/w). According 
to Henry' and Paget (1921), the oil also contains about 5 per 
cent, of the corresponding glycol (see below) and 30 to 40 per 
cent, of a mixture of hydrocarbons (cymene, a-terpinene, etc.) . 

Ascaridole is liable to explode on heating at ordinary pres- 
sure or on treatment with certain acids. It gradually decom- 
poses on boiling with water, and distillation must therefore 
be carried out as rapidly as possible. After decomposing 
ascaridole by heat or by treatment with ferrous sulphate 
Jfdson I1920) isolated from the reaction mixture two glycols 
of the form^ Cj^ieOj and an erythrite, C10H20O4. 

Hmb.— O il of chenopodium is a valuable anthelmintic but 
must be used with considerable care. It has also been 
employed in the treatment of amoebic dysentery. 
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Phvlrnn ANGIOSPERMiE ; SubphyluBi DICOTY- 
LEDONS 

Grade B. DialypetaJae 

Order RANALES 

This large order * may be conveniently divided into two groups 
of families : — 

A. Woody plants, generally possessing oil cells in the 
parenchyma, e.g. Magnoliacese, Myristicacese, and Lauraceae. 

B. Herbaceous plants, without oil cells, e.g. Eanunculacese, 
Berberidaceae, and Menispermacese. 

The flowers are regular {e.g, Illicium or Ranunculus) ox 
zygomorphic [e.g. Aconiium), and usually h^^pogynous. 
Perianth generally petaloid or divided into calyx and corolla. 
Stamens numerous ; carpels numerous and free [e.g. Illicium) 
or solitary [e.g. Mynstica). 

Family 1 

A family of 9 genera and about 100 species. Species of 
Magnolia and the Tulip-tree, Liriodendron tulipifera, are 
widely cultivated. Of medicinal interest are the fruits of 
various species of Illicium, and Drimys Winteri, which yields 
the rare drug Winter's bark. 

ANISI STELLATI FRUCTUS 

Star- Anise Fruits ; F. Anis Moile, Badiane de Chine ; 

G. Sternanis 

Source. — ^The fruits of the Chinese star-anise, Illicium verum 
Hooker fiHus (/. anisaium Toureiro not 1 . amsatum Linn, and 
Gaertner), yield part of the official oil of anise, the remainder 

* Tile arrangement here adopted is that of Rendie’s dsssificaiian of 
Flowering Plants. Hutchinson, in Families of Flowering Plamis, divides 
the group into five orders, namely, Magnolial^, Anonales, Lanral^, Ranaies, 
and Berberidales. 
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being f^btained from the fruits of Pimpinella Anisuni (Umbel- 
lifera?'!. The star-anise is an evergreen tree about 4 to 5 ni. 
in height indigenous to the S. and S.W. provinces of 
China, The fruits are collected by means of bamboo ladders 
from both wild and cultivated trees growing in the Chinese 
provinces of Kwaiigsi, Kwangtnng, and Ynn-nan ; the 
island of Hai-iian ; and in the XAV. of French Indo-China 
I Tong-king I . [Most of the oil is distilled locally, particularly 
in the neighbourhood of bang-son, by heating the fruits with 
water in primitive iron stills. The oil is exported from Hai- 
fong and Hong-Kong in leaden canisters (Fig. 105), which are 
packed in fours in wooden cases. 

Characters. — Seven species of Illiciiifn are known, £ve in 
Eastern Asia and two in Florida. The fruits of I. verum 
consist of eight (rarely seven or nine) one-seeded follicles 
(distinction from /. Griffithii of India and /. Cambodiana of 
Tong-king, both of which have ten to thirteen carpels) . Each 
follicle is about 12 to 17 mm. in length. The pericarp is 
reddish-brown , wood3\ and only slightly wrinkled. Each 
car|>el has, as a rule, partly dehisced to expose the seed. The 
latter has a brittle, shining testa and an oily kernel. The 
beak of each carpel is not turned upwards and the fruit stalk, 
which is about 3 cm. long, is curved (distinction from 

l. “Xb: . The oil, which is present in both seed and 

pericarp, gives the drug an aromatic odour and spicy taste. 

Alli^ Drug. — Bastard star-anise or shikimi fruits occur in 
Eastern commerce and are occasionally exported. They are 
derived from /. religiosum, a species cultivated near the 
Buddhist temples in Japan and also on the mainland. The 
caip^ls are equal in number to those of I. verum but are 
smaller, much wrinkled, and have a curved-up apex. The 
|Stalk is shorter than the genuine, and straight. It contains 
Wlereeeh^’iiiatous cells which are about one-fifth of the length 
of th€»e found in the stalk of I. verum. 

Th^» Ja|»nese fruits are poisonous since they contain an 
amorphous toxic su'tetance sikimitoxin, and a crystalline toxic 
sutetance sikimiii. They have a balsamic odour owing to the 
presence of an oil containing safrole. 

— ^The genuine fruits yield about 2*5 to 5 per 
cent, of volatile oil (Oleum Anisi B.P.). This contains about 
80 to ^ per cent, of anethole (a colourless crystalline solid, 

m. p. 21®), J-pmene, i-phellandrene, and probably traces of 
safrole. J he latter compounds have not been shown to be 
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present in tlie oil of Pimpinclla Anisum, but for all ordiiiar>^ 
purposes the oils are indistinguishable. The oil is liable to 
atmospheric oxidation and both anisic aldeli^-de and anisic 
acid are normally present. This change is said to diniinish 
the tendency" of the oil to solidif3% which it normally does on 



Fig. 105. — Lead containers of star anise oil (left), and cassia oil (right) 

(Sutcliffe). 


cooling to about 15°. As previously mentioned, the oil is 
imported in lead containers, and it will be noted that the 
Phamiaco|X]eia gives a limit test for this metal. 

Uses. — Oil of anise is used as a flavouring agent and 
carminative. 


Fannly MYMSTICACE^ 

A family of ii genera and about 250 species. The flowers are 
dioecious and consist of an inconspicuous three-lobed perianth 
with three to eighteen monadelphous stamens or a solitary 
carpel containing a basal, anatropous ovule. The fruit is a 
fl^hy drupe, which splits along both dorsal and ventral sutures. 
The single seed is more or less completely enveloped in a lobed 
aril. The structure of the seed is d^cribed below. Secretory 
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cells coninionlv occur in the mesoph\-ll o£ the leaves, in the 
axis and in the kernels of the seeds. Many members possess 
taimiii sacs and characteristic, often stellate, clothing hairs. 


MYRISTICA 

3/-r:V:V:: B,P., Semen Myristicce, Nux Mosckata ; Nutmeg ; 
F. Nmx de Muscade ; G. Muskatmisse 

Source. — Nutmegs are the dried kernels of the seeds of 
Myristica fragrans, an evergreen tree about lo to 20 m. in 
height indigenous to the Molucca Islands. The plant is now 
widely cultivated not onl^" in the East Indies and Malay States 
(Molucca Islands, Sumatra, Java, Singapore, and Penang), but 
also in Ceylon and the West Indies (Grenada). Grenada 
now supplies about half of the nutmegs used in the U.S.A. 

History. — Nutmegs and mace appear to have been first 
introduced into the Levant by the Arabs in the middle of the 
twelfth century and by the end of that century were found in 
Northern Europe. The native country of the nutmeg (the 
Molucca or Spice Islands) was known to Arabian writers of the 
thirteenth century^ and the Banda Islands, a group of the 
Moluccas where the plant is very abundant, were discovered 
by the Portuguese in 1512. The Portuguese, after holding 
the spice trade for about a century, lost it to the Dutch, who 
maintaiaeci a complete monopoly by destroying the trees in 
neighbouring islands and preventing the export of living 
Meds. The ordinary drying process destroys the vitality of 
the i^eds but they were also soaked in milk of lime for many 
waeks and were seldom sold until they were several years old. 
The Spi« Islands were occupied by the English for a few years 
during which period the opportunity was taken 
to start ctiltivation in Penang and Sumatra. Until the trees 
M) planted reached maturity the effect of the Dutch restriction 
was still felt, and in 1806 the import price of mace in London 
was as Mgh as 90s. per lb. 

OaMviiksm# Collection, and Preparation. — ^Nutmeg trees are 
grown from fr«h seed sown in the shell. They are usually 
miiscxmal, in windi ca^ incest of the male plants are eliminated 
Irom the plantations, but sometimes both male and female 
flowers are product on the same tree. They bear fruit from 
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their eighth or ninth year and coiitiime to fruit well for about 
twenty to tMiiy- years. The fruit consists of a peach-like, 
fleshy drupe which splits w^hen ripe, exposing the seed with its 
lobed, red arillus. 

The plant fruits almost continuously and tw^o or three 
crops are collected annually. In the East the fruits are collected 
by hand or by means of a hooked stick, but in Grenada the 
fruits are allowed to fall to the ground. The orange-yellow 
pericarp (Fig. io8), w’Mch is about half an inch thick, is usually 
removed on the spot. Eater the arillus is picked off and 
constitutes, when dried, mace. The nutmegs are dried in the 
shells . the procedure differing according to local conditions but 
usually taking about three to six weeks. In Malaya sun-drying 
is used to some extent, but the seeds require adequate cover 
at night or in wet weather. Earge quantities are dried in 
ovens and in brick buildings- In the latter the seeds are 
placed on trays over low charcoal fires, being turned and 
gradually moved nearer to the fires during the process. When 
drying is completed the kernel rattles within the brittle testa 
which constitutes about one-quarter of the weight of the seed. 
The testa is cracked by means of a wooden truncheon, mallet 
(Fig. io6) or special machine, and the nutmeg extracted. 
Machines are, however, liable to cause bruises, and cracking 
by hand is preferable. The liming of nutmegs to reduce insect 
attack is now less commonly practised than in the past. After 
cracking, the nutmegs are now usually graded abroad into sizes 
representing 60/65, 80 or no to the lb. (Fig. 107). Elongated 
nutmegs, which fetch a lower price, and small or damaged 
ones are kept separate. ISTutmegs are exported in barrels or 
cases containing about i cwt. 

Macroscopieal Characters. — ^Nutmegs are broadly oval in 
outline, from 2 to 3 cm, in length and about 2 cm. in breadth. 
If not heavily limed, the surface is of a brown ox greyish-brown 
colour and is reticulately furrowed. At one end is a lighter 
coloured patch with brown lines radiatitig from the hiltim, 
which is surrounded by a raised ring. From this an ill-defined 
furrow (the raphe} runs to the chalaza, at the opposite end of 
the kernel, where there is a small, dark depre^ion. Odour, 
strong and aromatic ; taste, pungent and slightly bitter. 

A longitudinal section (Fig. 108 , B) has a lustrous, marbled 
appearance. The outer tissue, which consists of dark brown 
perisperm, penetrates the light brown endosperm, the infold- 
ings brancMi^ and giving rise to the marbled appearance. 



PH A RMACOGXOSY 



Wi€», I0'7. — -Graiiag natiaegs in Grenada- (From the Imperial Institute 

Collection.) 






MYRISTICACE.E 

Tlie perisperiii possesses fibro vascular bundles, the |>ositioii 
of wMch is indicated by the reticulate furrows found on the 
outer surface. 
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Fig ioS A fruit of Myristica jragrans, with half of the pencarp removed. 

'b. longitudinal section of the seed of same; C. of 

(Papua nutmeg) ; 3>, seed of M. maiabanca 

I, fiLby pericarp ; 2, aril ; 3 . 

6, embryST (A after Baillon, C and D after Thoms. Handbuck der 
J^barm-oMS.) 
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Ificnwcopical Cliaractera. — The microscope shows that the 
outer peris|Mfrm cells are radially flattened and have brownish 
contents, while the folds of |>erisperm consist of thin-walled 
' arc:: rounded or oval oil cells and groups of spiral 
tr., The endosperm cells are parenchymatous. They 
have thiin brown walls and contain simple and compound 
starch grains, aleurone grains and fat, the latter often in 
ciy’stailme masses. For jx>wd€r, see p. 103. 

Grates. — Well - rounded and graded nutmegs, without 
scorch marks or braises, fetch the highest price. Unlimed ones 
are usually preferred in Britain. Up to 1933 Grenada nutmegs * 
were often ungraded, bruised and contained a proportion of 
ver\’ small kernels and “ longs.” They w^ere therefore less 
esteemed than those from the Hast Indies. Efforts have now 
been made to remedy these defects. 

AHieii Drags- — Papua nutmegs (Fig. 108, C) are derived from 
M. argeniem, a tree grown in New Guinea. They are often 
taken to Macassar and enter commerce as Macassar, Papua, 
long or wild nutmegs. They are longer (about 3-5 cm.) than 
the official nutmegs, have a uniform, scurfy surface, little 
odour, and a disagreeable taste. 

Bmnbay nmimegs (Fig. 108, D) are derived from 
mMab&rica, grown in India. They are very long and narrow 
and lack the characteristic aroma of the genuine drug. 

Mace. — Common mace or Banda mace consists of the dried 
arillus or arillode of Myristica fragrans. This when fresh is 
of a bright red colour and is removed either by the finger or a 
knife, \ 41 ieii removed entire it forms double blade " mace, 
but if in tm’o pieces it is known as “ single blade " mace. After 
flattening, by treading under the feet or pressing between 
bemriis, the mace is sim-dried for from two to four days, when 
it acquires a golden-yellow colour and becomes brittle^ Mace 
is ttsnaiy packed in chests containing 280 lb. 

Sectioiis of mace show a thick-walled epidermis and a large 
amoimt of |«reiichynia in which are found fibro-vascular 
bimdles and large oil cells. The parenchymatous cells cort- 
tain KMnewhat angular masses of amylo-dextrin, which stain 
red when treated with solution of iodine. The oil (4 to 17 per 
cent.) is almost indistinguishable from that of the nutmeg. 

Bombay mac* {M. malabarica) and Papua mace 


* Tl» Iniiiistiy inGr^aada,'* BuM. Imp. InsL, 1933, XXXI., 

9, J97-2ZB; 1937 . XXXV, S. 289-297. 
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{M, argentea) are shown in Fig. io8. Bombay mace is a regular 
article of commerce although almost valneless as a spice. It 
is dark red in colour, lacking in aroma, and yields about 30 per 
cent, of extractive to light petroleum (genuine mace yields 
about 3*5 per cent.). Papua mace is distinguished by its 
shape, didl brownish surface, lack of aroma, and acrid taste. 

Constituents. — ^Xutmegs 3deld from 6 to 15 per cent, of 
volatile oil and from 30 to 40 ;^r cent, of fat ; also phytosterin, 
starch, am^do- dextrin, colouring matter, and a saponin. 

The volatile oil (Oleum M^^risticse B.P.) contains, according 
to Power and Salway (1907), pinene and camphene 80 per 
cent-, dipentene 8 per cent., alcohols about 6 per cent., myristi- 
cin about 4 per cent., safrole o*6 per cent., and eugenol and 
^soeugenol o-2 per cent. Good oils when evaporated rapidly 
on a water-bath yield about i to 2 per cent, of residue (B.P. 
not more than 3 per cent.). Myristicin, CnHjoOg (Semmler 
1890, Thoms 1903), is 4-allyl-6-methox3"-i ; 2-methylene- 
diox3"benzene. It is ciy^stalline and, owing to its high boiling 
point, is mainly found in the last portions of the distillate. 
Myristicin is toxic to human beings and large doses of nutmeg 
or its oil may^ cause convulsions. 

By expression or by means of solvents nutmegs yield a 
product known as ''nutmeg butter'' or expressed oil of 
nutmegs. This consists (Power and Salway, 1908) of 12*5 per 
cent, of volatile oil, 73 per cent, of trimy’risticin (the glyceride 
of myristic acid, C13H27.COOH), small quantities of oleic, 
Hnoleic and other acids, and about 8-5 per cent, of unsaponifi- 
ahle matter. Inferior qualities, made from nutmegs w’hich 
have been deprived of part of their volatile oil by distillation, 
may also be foimd in commerce. 

Uses. — ^Nutmegs, maces, and their oils are largely used for 
flavouring and as carminatives. The expressed and volatile 
oils are also used externally for rheumatism. 

Family LAXJBACEiE 

The family consists of 40 genera and about 1,000 species . 
The flowers are usually bisexual {e,g, Cinnanwmum) , rarely 
unisexual Laurus). The floi^ parts are arranged in 

tximerous whorls, the two outer ones, which are alike, forming 
the perianth. Four whorls of stamens are typical but, owing 
to reduction, only three whorls are fertile in Cinnamomum 
and two or three in Laurus, The fruit is a berry or drupe. 
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All iiieiiibers of the I.auraceie contain oil cells in the leaves 
and in the cortex, in which the secretion is suspended in a pouch 
from a cuticiilarised “ hasin/’ Mucilage cells are present in 
most s|>€?cics. corh arises superficially at a rather late 

stage. Stone cells may often be found in the primary cortex: 
of oilier branches, O^ssici, 'The groups of 

primary- bast fibres are united by a peric^xlic ring of stone 
cc41s, many of which show a characteristic, U-shaped thickening, 
Ci^inamoffiupii zeylanicum and C. Cassia. 

The bay laurel, Lamms nobilis, is the only European repre- 
sentative of the family ; its evergreen leaves are used for 
packing stick liquorice, while the berries, which contain 
volatile oil and a high percentage of fat, ^ield expressed oil of 
bay. Two barks formerly used under the names of true coto 
and paracoto barks appear to have been derived from South 
American species of Xectundra. Cassia buds of commerce are 
the dried, immature fruits of one or more species of 
(probably C. Cassia and C. Lourerii). In 
addition to oil of cinnamon and oil of cassia, the Lauracese 
many other v^olatile oils of commercial importance, e.g. 
oil of sassafras (from the root of Sassafras offichiah), oil of 
liiialoe, or “ hois de rose femeUe,'' and oil of camphor. 


CINNAMOMI CORTEX 

CinnamQmmm, B.P. ; Cinnamon Bark, Ceylon Cinnamon ; 

F. CmneUe de Ceylan ; G. Zimmt, Ceylon Zimmt 

Sooiee. — ^The Pharmacopoeia states that cinnamon is the 
dried inner bark of the shoots of coppiced trees of Cinnamomum 
zeylamumm and is known in commerce as Ceylon 

annamoii.'’’ 

Many different varieties of C, zeylanicum exist in the wild 
state in Ceylon and Southern India. These wild barks are of 
varying quaHty’ hut inferior to the ofScial kind. Cinnamomum 
zeylmnimmi is cultivated not only in Ceylon hut in S. India, 
Martinique, Cayenne, Jamaica, Brazil, and Seychelles. That 
grown in Ceylon is, however, the one most esteemed and is the 
variety normally met with in British commerce. 

J&towy. — Referenoes tO' aromatic harks of the cinnamon 
ty|» are abundant in the Old Testament and in ancient Greek 
and Uatin writing. Hanbury inclines to the opinion that 
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“ we must regard the ancient cinnamon to have been the 
substance now knowm as Chinese cassia lignea or Chinese 
cinnamon^ and cassia as one of the thicker and perhaps less 
aromatic barks of the same group, such in fact as are still 
found in commerce/" These barks were probably** obtained 
from China, where cassia was known about 2,700 B.c., and it 
is not until the thirteenth century that any reference is found 
to the collection of cinnamon in Ceylon. Ceylon was occupied 
by the Portuguese in 1536, the Dutch in 1656, and by the 
English East India Company in 1796. The Dutch exercised 
a strict monopoly comparable with their monopoly of nutmegs. 
This was continued until the monopoly of the English East 
India Company was abohshed in 1833. Cinnamon cultivation 
was started by the Dutch in 1770. 

Cultivation, Collection, and Preparation.* — In Ceylon about 

26.000 acres are devoted to cinnamon plantations. Most of 
the plantations are small and are situated in the Southern or 
Western Provinces. The industry is almost entirely in the 
hands of the Sinhalese. In 1937 the exports amounted to over 

52.000 cwt. of quills and chips, valued at about 55,000, as well 
as over ii ,000 02. of cinnamon bark oil and nearly 3,000,000 oz. 
of cinnamon leaf oil. 

Cultivation . — Cinnamon requires a rich but light soil, a 
rainfall of about 75 to 125 ins., and an average temperature 
of about 80° E. The fresh seeds are sowm in seed beds or in 
holes on the plantation. The plants are finally arranged about 
6 to 10 ft. apart. In the second or third year they are coppiced 
to within a few inches of the ground. About 5 or 6 shoots are 
then allowed to grow" from the stump and are kept straight by 
pruning. 

Cutting . — “Two or three times a year some of the shoots 
are cut, most of the crop being obtained from those which 
have been, growing about eighteen months. At this age they 
are about 10 ft. long and rather more than an inch in diameter. 
Cutting lasts from April to December, the chief periods being 
after the heavy rains, when the bark peels most readily. 
These periods are April to July and October to December. 
The shoots are cut and the tops and twigs removed with an 
instrument known as a kathe (catty). The one illustrated in 
Fig. 109 (a) is 1 9 ins. long. About 50 lb. of quills per acre will 

* For further details, see Trease and Pinto, P. J., 1938, March 26, 319, 
from which the following quotations have been taken. 
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bt: from the first crop, about four years after planting, 

the yield increasing each 3’ear until the tenth, when about 
150 to lb. per acre may be expected. If the leaves are 
put into the soil the next crop is good, and vice versa, barge 
quantities of leaves, however, are used for the distillation of 
cinnamon leaf oil, and the factor which determines the mode 
of disposal of the leaves is the price which this oil fetches." 

Peding.— " Boys tie the sticks in bundles wdtli coir string 
and take them to the peeling shed or wadiS near the workers’ 
huts. Removal of the bark and cork is facilitated by allowing 
‘ fermentation ’ to take place for a few hours. The peeler 



Fic. log.- — (a) Katlii* : (b) balf-peeled shoot ; (c) peeling-knife ; (d) steel 

iscmpei ; fe| hanl-wood rubber ; (f) piece of bark : the end on the right 
1ms .be«ea scimped and therefore has cnried most on drying. {Phavmac&uticcd 

J'smwmM, ) 

(F%. no) uses the brass knife (Fig. 109 (c)) known as a kochatU- 
tmMmi, He lii^s the bark at intervals of about 18 ins. and 
tsmkts two longitudinal slits on oppo^site sides of the shoot, 
worMng the kniie under the bark. If the latter does not 
^parate rmdiy it is rubbed with a piece of hard wood or the 
handle of the knife- Fig. 109 (b) shows a shoot with half the bark 
iieiaoved- The sei»rated Imrk is wrapped in coir matting and 
allowed to * ferment * overnight." 

^^rsptrg. — The process used for the removal of the outer 
tmrk is shown in Mg. iii. A piece of wood of statable size is 
smpp>rted at one cad by a wall, as in the %ure, or by means of 
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a small tripod of sticks tied together at the apex. Each piece 
of bark is placed in turn on the stick and held at its upper end 
by the scra|>er's foot 'whilst the cork and cortex are removed 
vith the cur\’ed steel scraper. Fig. 109 (d), knowma s a kochathe- 

ganeJ" 

Making up . — The process of making up the quills is 



Fig. 110. — A native peeler using the brass peeling-knife shown in 
Fig. 109 fc). {Pharm£ic€utical Journal.) 


illustrated in Fig. 112. The worker si“ts with a board and a 
measuring s“tick 42 ins. long, to which is attached a wooden 
lifter known as P^M Kotuwa.' This is laid on the right-hand 
side of the worker. The compound quill is assembled on the 
hoard, and when it has reached 'the required length the end is 
cut off with a pair of seizors and it is gently lifted, with the 
help of the lifter, on to a mat. 
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Fig. 111. — Scraping the bark with the steel instrument shown in 
Fig. {Pharmaceutical Journal.) 






only small quantities of the fine or noughts range are produced, 
the greater part consisting of the Nos. i to 4 grades. Quillings 
and featherings consist of small pieces, the latter often con- 
taining some outer bark ; they are used for grinding and for 
oil distillation. Chips consist mainly of outer pieces of hark 
and the oil derived from them has a lower spemfic gravity and 
a lower aldehyde content than that from the inner bark. 

Macnoscopical Characters, — Cinnamon is imported in large 
bundles which are enclosed in sacking (Fig. 113)- These axe 
about 40 inches in length. Pharmacists generally receive their 
supplies in shorter lengths known as ‘‘ cigar lengths/’ The 
drug consists of single or double compound quiUs about 6 to 
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lu mm. in diameter and of var>dng length. In the ^different 
grades the thickness of each piece of bark varies considerably, 
blit in gocxi quality cinnamon it is usually not more than about 










Fic. 114 . — -A, tra«ttver»! section of a componnd quill of cinnamon ; !B,. trans- 
vwte sccticMi of Ci«»«wfoi»Hw zeylanicum ; C, elements of the powder 
of tlie same ; 1 >, trmmv'erse section of the bark of Cinnamomum Cassia. 
1, • 3E,, csork ; 3, lignifiead cork; 4, phellogen ; 5, primary 

taxk : V. cell ; 7, mucilage cell; 8, bundle of sclereiich,3nniatous 

fila*« ; 9, stone cell layers; 10, obliterated sieve tissue; ii, oil cell; 
IJ, aiednlMiy ray ; 13, bast fibre. (B and D after Gilg, C after 

GTmemsh). 

0-5 mm., rn’liilc the nmiiber of pieces of bark far ming the com- 
pjtiad qiiMI varies from about ten to forty. The external sur- 
faoe of e^h piece is yellowish-brown and shows longittidiiial, 
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shining, wa\^’ lines (pericyclic fibres), and occasional scars and 
holes (indicating the positions of leaves or twgs). The inner 
surface is somewhat darker and longitudinally striated- The 
hark breaks with a short, splintery fracture. Odour, fragrant ; 
taste, warm, sweet, and aromatic. 

Microscopical Characters. — ^Transverse sections of cinnamon 
(Fig. 1 14) show under the microscope a complete absence of 
epidermis * and cortex. Sclerenchymatous cells form a contin- 
uous ring about two to four cells deep with small groups of peri- 
cyclic fibres more or less embedded in it at inter\^als. The latter 
form the wav\’ lines on the outside of the commercial bark. 
The sclerench3"matous cells are usually much thickened on the 
inner, tangential and radial walls, and frequently contain 
starch- The medullary rays are one or two cells wide and 
contain numerous, acicular crystals of calcium oxalate about 
5 to 8ft. in length. Similar crystals are found in the phloem 
parenchyma, which also contains starch in compound and 
single grains, the latter not exceeding lOft in diameter (those 
of C. Cassia often exceed this figure). The phloem fibres are 
isolated or in short, tangential rows. The^” are usually less 
than 30/t in diameter (those of C. Cassia measure 30 to 40ft in 
diameter). The secretion cells, which contain volatile oil or 
mucilage, are two or three times the diameter of the bast 
fibres and are axially elongated. For powder, see p. no. 

Constituents. — Cinnamon contains volatile oil (0*5 to i*o 
per cent.), phlobatannin, mucilage, calcium oxalate, and 
starch. 

Ofldcial oil of cinnamon is required to contain not less than 
50 per cent, w/w, and not more than 65 per cent, w/w of 
cinnamic aldehyde, CgHs-CH : CH.CHO, when estimated by 
the ofiBcial process using hydroxylamine hydrochlortde reagent. 
Genuine oils also contain from 4 to 10 per cent, of phenols 
(chiefly eugenol), hydrocarbons (pinene, phellandrene, and 
caryophj^Uene), and small quantities of ketones, alcohols, and 
esters. 

* In C. zeylanicum the cork, which is thm-walled and has its inner 
tangential walls sclerosed, is developed superficially at a rather late stage. 
According to Hartwich (cf. Solereder, p. 1043) the fwricyclic stren^hening 
ring becomes thrown ofi in older stages owing to the formation of intern^ 
cork, its place being taken by a new ring of stone ceEs, which is formed for 
the most part from tissue belonging to the phelloderm.” 

t The aldehyde content of the oil, estimated by the bisulphite method, 
is given by Parry as 58 to 70 per cent, v/v (English distiUed) or 63 to 76 per 
cent, v/v (Continental distilled), somewhat difierent methods of distillation 
probably accounting for difference in aldehyde content. 
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Ttie oil is liable to adulteration with cinnamon leaf oil and 
with oil of ca^ia. The former contains from 70 to 95 per 
cent, of engenol and yields a blue colour with solution of ferric 
chloride. C>il of cassia contains from 85 to 95 per cent, of 
aldehydes, gives a brown colour with ferric cMoride solution, 
and fre']uer.t!y contains traces of lead as it is packed in lead 
containers. (See Fig. 105.) 

AllW Bmgs. — Cayenne cinnamon consists of the bark of culti- 
vated plants of C, zeylanicum grown in French Guiana, Brazil, 
and some of the islands of the West Indies. It is generally 
obtained from older branches than the Ceylon drug and appears 
to inferior to it in quality. It does not appear to be used 
to any extent in Britain. 

WiM or jimgle cinnamon (C. zeylanicum) is larger and darker 
tliaii the cultivated product, and resembles cassia bark (see 
below). It is now rarely met with, its export from Ceylon being 

prohibited. 

Saigon chmamon {Cinnamomurn U.S.P. XT, Cinnamomum 
Smigonicum VS.P. IX) is obtained from wild trees of C. 
Loiimrii, which are largely grown in the mountainous districts 
of Annam (French Indo-China). The plant, w^hich is closely 
related to C. Cassia* is also found in China and Japan. 
Large quantities of the bark are exported from the port of 
Saigon to t::e U.S.A. It resembles cassia bark more closely 
than ciiinamon and occurs in quills up to 30 cm. long, 4 cm. 
wide, and 0-5 to 7^ mm, thick. The outer surface is greyish- 
brown, w^arty, and ridged. The odour is coarser than that of 
Ceidon ciniianioii and the taste sweeter. 

Saigon cinnainoii contains numerous single and 2—4 com- 
pound starch grains : single grains 5 to 25/lx {cf. Ceylon cin- 
namon 

Chin^w cinnamon, or cassia lignea. — ^Various barks 
have been imported under the name of cassia, including those 
HOW” know’B as Saigon cinnamon and Java cinnamon or cassia 
vera |C. Burptmnji}. That now known in the London market 
as CMnese cassia lignea is derived from C. Cassia Blume 
(see fcwtnote a tree cultivated in the south-eastern 
promnces of China (fCwrangsi and Kw^angtung). When about 

. ^ TrmiM de Maiier0 Midicaie, p. 276, states that both are varieties 
of a sail fie spec, le^, C. obimsif^mm Nees, Saigoa cmaamon being- derived from 
C. rMusifuiimm vat. Lommirii Perxot and Eberhardt {C. Loureirii Nee^) and 
Cfcitieae cassia front C. Musifaimm Cmsm Peirot and Eberhardt (C Cassia 
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six years old the bark is removed from the older branches, the 
twigs and leaves being used for distillation. The cork and 
cortex are partly removed by planing. The bark is then tied 
into bundles and exported in boxes, ria Canton and Hong- 
Kong. 

Cassia bark occurs in channelled pieces or single quills up 
to 40 cm. ill length, from r to 2 cm. in width, and from 
I to 3 mm. in thickness. The outer surface is darker than that 
of Ce^don cinnamon and, owing to careless planing, shows 
patches of grey cork. The odour is coarser than that of 
cinnamon and the taste more astringent. 

Transverse sections resemble cinnamon as far as the inner 
part of the bark is concerned, except that the starch grains 
and bast fibres are somewhat larger. Outside the sclerenchy- 
matous ring, however, is found the cortex with small groups of 
sclerenchymatous cells and isolated oil cells, and several layers 
of dark brown cork cells (see Fig. 114, D). 

Cassia yields from i to 2 per cent, of volatile oil, which, 
when pure, contains no eugenol but rarely less than 85 per cent, 
of cinnamic aldehj-de. This oil is included in the U.S.P. XI, 
under the name of Oleum Cinnamomi and is required to 
contain not less than 80 per cent, by volume of this aldehyde. 
Targe quantities of oil are distilled from the leaves and twigs 
as "well as from the bark. It arrives from Hong-Kong in 
leaden vessels containing about 16 J lb., and is sold on its 
cinnamic aldehyde content. Free cinnamic acid in the oil 
is liable to act on the lead to some extent. Although inferior 
in flavour to the oil of C. zeylanicum it is cheaper and is 
described in many pharmacopoeias. 

Java cinnamon is derived from C. Burmanii Blume, and is 
used in Holland- It may be distinguished from ordinary 
cinnamon when in powder by the presence of tabular crystals 
of calcium oxalate. The oil contains about 75 per cent, of 
cinnamic aldehyde. 

Oliver bark or black sassafras is obtained from the so-called 
Brisbane white sassafras tree, C. Oliver i, a native of 
Queensland, It is used locally as a cinnamon substitute. The 
bark is easily distinguished from the drugs mentioned above. 
It occurs in flat strips about 20 cm. long, 4 cm. wide, and 
I cm. thick. The outer surface is brownish, warty, and bears 
patches of gre3rish cork. It yields about i to 2*4 per cent, of 
volatile oil containing, according to Hargreaves (1916), pinene, 
^f-camphor (18 to 20 per cent.), safrole (25 to 27 per cent.). 
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anti eugemimethyl ether (40 to 45 per cent.]. The bark also 

contains tafiniii. 

Uses.— Ciniiaiiion is used as a flavouring agent and mild 

astringent. 


CAMPHORA 

Campkora, B.P. ; Camphc^r ; F. Camphre ; G. Kampher, 
Kmmpfer, Campher 

50 . — Natural camphor is a white, dextrorotatory^ ketone, 
GidHi^O, obtained from the wrood of Cinnamo??uim Camphora. 
It is said (1930) that “ approximately 77 per cent, of the world's 
camphor trees are found in Tairran (Formosa), about 15 per 
cent, in Japan proper, and 8 per cent, in Southern China." 
Symthetic camplior, w^Mch is optically inactive, is prepared from 
pinene. 

History, — Early references to camphor refer not to laurel 
camphor but to Borneo camphor, obtained from Dryobalanops 
ammatica, which found its way to Persia in the sixth century 
and Europe in the twelfth century. When laurel camphor was 
first prepared is not known. It is no'w obtained from Formosa, 
Japan, and China, but cultivation on a smaller scale is carried 
on in Ceylon, the Federated Malay States, Burma, Java, 
India, Africa, and Florida. On the Japanese annexation of 
Formc^a (the princiiml source of supply) a Government 
monopoly' of the camphor trade was set up in 1900. Since 
that date the gradual increase in commercial importance of the 
synthetic product has lessened the demand for the, Japanese 
prcMiuct.’** 

Breparatiina. — The best yield of camphor is obtained from 
trees upwards of fifty years old, a fact which helps to explain 
the smal quantities produced in many of the countries 
'mentioned a1x>ve where cultivation has commenced during the 

• Ac'cordiag to m report of tbc U.S. Department of Foreign and Domestic 
*l»tract€?d in the C.mmd i>.. 1930, November 8, p 594, tbe estimated 
w0i*W of campiMsr » :z§^ooo,<k>o lb. p«r anmim of ’wbicli 10 miHioii 

lo. is- ar.a 15 lb. syntiietie. Of tbe latter figure 12 miliioa ib. 

wo*® prcMactd in G^wmmrf sattl tJbe remauaider im France, Switzerland, and 

Itely. 
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present centiir\”. Parr^^' describes tbe preparation of 
camphor as follows : — 

The tree is felled and the young branches and twigs are choppc^d 
up and packed in perforated jars, and heated over a crude steam-bath. 
The steam enters the jars, saturates the chips, and causes the crude 
camphor to sublime and condense in earthenware |x>ts placed over the 
jars. The crude camphor is sent to the port, and a certain amount of 
oil exudes from it which is collected and is known as oil of camphor. 
The majority of the oil is, however, produced by distilling the chips 
with vrater in crude stills. The crude product amounts to about 3 per 
cent, of the wood used. The oil is drained from the crystalline camphor, 
of which it retains a considerable amount in solntion. This is trans- 
ferred to a stiU, and about two-thirds is distilled o£F, leaving the bulk 
of the camphor in the residue, which is cooled and pressed to separate 
more camphor. This process is repeated so long as it pays, and the 
residue forms the camphor oil of commerce. . . 

The crude camphor arrives in England in various states of 
purity, and is refined by sublimation, generally with quicklime and 
charcoal. Formerly camphor oil was regarded as having no value. 
To-day, however, it is used to an enormous extent in the preparation 
of safrol, which is used as a cheap perfume, for the manufacture of 
artificial oil of sassafras, and for the S3nithesis of heliotropin.” 

Camphor is refined in Japan, Enrope, and the U.S.A. from 
the crude product, which contains about 90 per cent, of camphor. 
It is now sublimed into large chambers where it condenses 
into small cr3’stals (“ flowers of camphor *'). From these the 
familiar blocks are made by hydraulic pressure. 

Synthetic camphor is largely prepared from American 
turpentine, which is said to yield from 25 to 35 per cent, of 
camphor under suitable treatment. By the action of hydrogen 
chloride the pinene is converted into bomyl chloride, which, 
on treatment with sodium acetate yields fsobomyl acetate. 
Hydrotysis of this to ^'sobomeol and subsequent oxidation 
gives camphor. 

HCi Sodium 

Pinene ^ Bomyl chloride Jsobomyl acetate 

Acetate 

oxidatioii 

fsohomeol ^ Camphor 

* J^Lrry’‘s desciiption, in his Chemistry of Essential Oils, is illustrated by 
photographs of camphor distilleries in Formosa. The procedure adopted in 
the province of Tcsa* in Japan, will be found in the U.S. Eispensatofy , 
Camphor was formerly purified by sublimation into large glass flasks 
(lx>mtx>loes), wHch when broken gave concave cak^ about 10 inches in 
diameter (cf. Ekmrwmmgraphia), A specimen of this form of “bell ” camphor 
may be sem in the museum of the Pharmaceutical Society- 
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Cliaracters.— -Camphor occurs in small, colourless cr^-'stals 
or in transparent, tibroiis blocks. It has a cliaracteristic odour 
and a |jiiiigciit, aromatic taste, %v}iich Is followed by a sensa- 
tion of cold. It volatilises at ordiiiar>' temperatures, forming 
an iiicTiistatioii on the walls of the vessel in which it is 
kept . 

Natural camphor is dextrorotatojy (!£evorotatoiy camphor 
occurs in the oil of certain s|>ecies of Artemisia) but the S3mthetic 
product is almost optically inactive. If o*i G. of natural 
camphor be treated with lo drops of a well-cooled mixture of 
ecfual I’larts of vanillin- hydrcw-diloric acid and sulphuric acid 
it tiinis green and, after live hours, dark blue. This is due to 
traces of impurities as the synthetic camphor gives a 3"ellowish 
colour with tHs test. 

Alli«i Ehugs.^ — Borneo camphor, obtained from Dryohalanops 
monmiua {Dipterocar|>acea."), and Ngai camphor, obtained 
from Bhmica (CompositiB), are used in China and 

Japan. In California camphor is produced from species of 

Ariemisia 'Conmesitee'* . 

Usi». — Camphor is used externally as a rubefacient, and 
internally as a mild antiseptic and carminative. It is also 
employed as a cardiac stimulant by injection, particularly in 
pneumonia. Large quantities (about 4 million lb. in 1930) 
are used in the manufacture of celluloid. 


Family RAHUNCULACEaE 

The Raniiaculace£e is a famil3^ including 30 genera and 
about 1,200 species. It is well represented in Britain. The 
flowers are bisexual, regular {a.g. Ranunculus) or zygomorphic 
Amniium), The perianth is simple or differentiated into 
calyx and 'Corolla. The stamens are numerous and free. 
The carpels are usualH’' numerous in the regular flowers or 
fem'cr in the zygomorphic ones. The fruits are typically 
eteiricjs of achen^ or of foMicies. 


ACOHITI RADIX 

AcGEtimm^^ B.P., Acmtiii tuber 1 ,A, ; Aconite, Aconite Root; 
F. Rmtine d A€i}mii ; G. EtsenhtdknoUen , SturmhutknoUen 

Aconite consists of the dried roots of Aconitum 
NmpeMms, collected from wild or cultivated plants. On the 
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Continent mticli wild aconite is collected, particularly in 
Geniian^' and Switzerland, but the English root is obtained 
from cultivated plants . 

Characters of Plant. — As there are some 6o species of 
Aconiiii^n^ which differ rvddely from one another in constituents, 
care must be taken to ensure that only the official species is 
used. Acomium Xapeilus is grown in English gardens and is 
also found ^^ild in certain localities, having apparently escaped 
from cultivation. It is a perennial herb with a tuberous root, 
which is replaced annually by one or more daughter roots. 
The latter develop as the result of growi:h of lateral buds pro- 
duced on the upper part of the rootstock which, after elongat- 
ing somewhat, produce an adventitious root crowned with a 
large, apical bud. AVild plants usually produce one daughter 
root, cultivated ones three or four. Many other species of 
Aconitum produces similar roots, w-hile others produce rhizomes. 

The apical bud of the daughter root commences to grow 
in the late winter or early spring, the parent root gradually 
perishing. The aerial stem is about 45 to 60 cm. in height 
in wild plants but frequently i to 1*5 m. in cultivated 
ones. The lower leaves are petiolate, the upper ones nearly 
sessile and form a tuft near the top of the stem before flowering. 
They are palmatisect, the lower into five to seven segments, the 
upper into three to five segments. Each segment is pinnatifid 
and linear-lanceolate. The first leaves are pure green (distinction 
from A. paniculatmn, w^hich have a bronze tint). 

The inflorescence is a raceme of dark violet-blue, zygo- 
morphic flowers. These appear about the last week in May and 
last for a fortnight. Each flower has five petaloid sepals, the 
posterior one forming a shallow, almost semicircular hood. 
Beneath the hood are tw’O petals modified into large, stalked 
nectaries. The remaining petals, three to five in number, are 
inconspicuous. The stamens are numerous and surround three 
(occasionally five) carpels. The fruit is an etaerio of three or 
five foEicles. 

History. — Plants of the genus Aconitum were known to the 
ancient Greeks, and were used as arrow poisons by the inhabi- 
tants of ancient China, Northern India, and probably GauL 
The drug was well known in mediaeval times, but its introduc- 
tion into regular medical practice was mainly due to St 5 rck 
of Vienna in 1762. 

Culrivarion, Collection, and Preparation. — ^The aconite of 
English commerce is, generally speaking, of poor quality and 
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Holmes 1 10-23) goes as far as to say that little or none is derived 
from tme Aevniium Xapeiins. TMs is partly due to the 
imiiortatioii of low-priced foreign aconites which make cultiva- 
tion in this country iiiiprolitable, and partly to the widespread 
forniatioii of hybrids with other garden species. The points 
on which Holnies la>*5 emphasis for the identification of tme 
Aci?miMtn Xapeiim ' A are those mentioned in italics 

in the description of the plant given above. 

Aconite grows %vell on a peaty or leaf-monld soil containing 
a little Mme. Propagation should always be by means of 
tubers as the seeds, besides being frequently sterile, may be 
prodtieed as the result of hybridisation with other garden 
species. 

Following the directions of the B.P. 1898, it is usual in 
England to collect the root in the autumn. On the Continent, 
however, collection from fiow'ering plants is generally advo- 
cated, *** the plant being then distinguishable from other wild 
species such as A. variegatum and A, cammarum.'f After 
€»Ilection the tubers are dried. The tubers are not as a rule 
sliced but the brittle roots, although quite active, are often 
removed. 

lCacr«5copical Characters. — English aconite, owing to the 
time of year at which it is collected, consists of both parent 
and daughter roots (Fig. 115), while the Continental consists 
mainly of parent roots. Both are obconical in shape, dark 
bromm in colour, from 4 to 10 cm. in length, and from i to 3 cm. 
in diameter at the crowm. Most of the drug of present-day 
c»'iiiiiierce is of small size and frequently “ wormy.'" The 
parent JCM>ts bear the remains of aerial stems and are more 
sliii veiled than the daughter roots which bear large, apical 
buds. Rootlets may be present but these are usually broken 

*• The following |>orti€«is of atetracts taken from consecutive pages of the 
F. B, Pkmrm., 1924, illustrate Jbow opinion is divided as to the best time for 
colicctioa ; The mature roots should be dug up in October ’* (Holmes, 
■p, 266 K ** There appears to be enormous variation in the amount of 
alkmIcMcis from aconite derived from different gec^raphical sources ; it is 
difficult to state whether these differences are due to the plant, or to the 
canditioas under which it is grown. The collection of the drug in autumn 
is wrccig. It shomM b« collected in summer, when the inflorescence is 
or fiist before then. At that time the floriferous tubercles would 
at theai maximnia aikaloidai strength, and could be used for pharmaceutical 
while the daaglitar tubercles could be replanted, to carry on the 
crop ” |Cxor» and Metia, p. 267). 

f A C 4 »signm«it o# acewute sent to the U.S.A. and returned was found to 
comaiit of A, mmwmmm and A, wmgnsgmtmm CCasf»ris, Sekmms, A-potk, Zeii., 

1924. 
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diagnostic iiiifiortance. Sections taken from a daughter root 
are shown io Fig. 1 15. The amount of lignified tissue is small, 
the greater part of' the root consisting of starch-containing 
of the pith and secondar3^ phloem. 

Microscopical Characters. — -Under the microscope a trans^ 
verse secticm shows one or more layers of suherised cells with 
dark-coloured walls nnetadernu ; a primar\" cortex containing 
stone cells. se|'>arated by the endoderinis and a region rich in 
stone cells from the phloem ; the latter forms a large zone con- 
sisting of parenchyma with small scattered groups of primary-' 
and secondary* phloem elements. Within each angle of the 
stellate cambititii lies a small group of protoxylem with -wedge- 
sliaped masses of seconaiv' xylem on either side. Small groups 
of secondary' xylem also occur at other points immediately 
within the eaiiibiiira. 

In powder ^Fig. 115, C) aconite may be identified by the 
large amount of containing starch in compound 

grains with two to four coraimnents and single grains about 8 to 
I5|i in diameter ; also by’ the quadratic sclerencby’matous cells 
with large lumiiia and even thickening, the metaderm cells, 
and the vessels with simple slit -like pits or spiral thickening. 
Calcium oxalate and fibres are absent. 

Const! toente. — Aconite root contains the cry^stalline 
alkaloid, aconitine (Groves, i860), and amorphous products 
of its hydroli’sis, benzoydaconine (picraconitine) and aconine. 
The rcM)t also contains aconitic acid, C3H3(COOH)3, and 
starch. 

Many cither species of Aconitum contain similar toxic 
aMnitines, -while others contain the less toxic aconines or the 
non- toxic atisin^. The acomtines are diacyl esters of the 
aconines and can be readily hy^drolysed by boiling with acids 
or alkalis. The hy'drotyj-sis of Napellus aconitine takes place 
on heating an aqueous solution, under pressure at 120^ to 130°, 
according to the following equations : — 

H^O = 4- CHs.COOH 

Aeonltine Beumylacoifiue Acetic acid 

HgO C^H^.COOH 

Aconine Benzoic acid 


Tlie acxmiaes are polyhydroxyanuno-alcohols containing 
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four metlioxy groups, as will be seen from the forimite of the 
aconitines of ^ 4 . Xapellns and A. ttncinaium var. japoniciiyyiA‘ 


/ 


O.CO.C^Hs 

q.co.cH, 


.(OCII3), 


Aconitine 


I 


{ O.CO.CH3 
^ J O.CO.CgH 
I (0H)3 

1 (OCH^)* 

J apaconitine 


& 


On hydrolysis both the above ^deld benzoic and acetic acids 
but different aconines, that from j apaconitine being dis- 
tinguished as japaconine. The constituents of other toxic 
species of Aconitum may be seen in the following table : — 


I ^arieiy 

Alkaloid 

Acy! Grozips 

Base 

I. European — 




. 4 . Napellus , , 

Aconitine, 

\ Benzoyl 

Aconine 

A . Siorckiantim 


\ Acetyl 


A. JLycocionum 

Lycaconitine, 

CseH460i®N55 

Lycocton}’! t 

Lycoctonine. 

2. Japanese — - 




A. uncinaium var. ? | 

Japaconitine, 

1 Acetyl 

Japaconine. 

japonicum > 

C34H4,0,,X 

1 Benzoyl 


3. Indian — 




A, deinorhizum 

Pseudaconitine, 

( Acetyl 

Pseudaconine. 

A. Balfourii 

CsaHgjOijN 

\ Veratryl 


A. chasmanihum 

Indaconitine, 

i Acetyl 

1 Benzoyl 

Pseudaconine. 

A. spicatum. . 

Bikhaconitin e, 

CggHgjOjiiN 

\ Acetyl 

1 Veratryl 

Bikhaconine. 


Allied Drugs. — i. European Aconites. — ^lany years ago . 4 . 
payticidaiutn was cultivated in England for medicinal use. 
It is said to produce rather small, curved tubers, which are 
relatively inactive. In 1924 a sample of Continental aconite 
was found to consist of the tubers of A, cammarum and 
A, variegatum. The above three species have blue flowers and 
produce tuberous roots resembling those of A. Napellus. In 
A. cammarum and A. variegatum “ the connection between the 
mother and daughter roots is very short, which pulls the crown 
to one side and gives the root the appearance of a bird’s head.” J 

* See also Rogers and Freudenberg, Y. B. Pkarm., 1938, no. 

t Lycoc tonic acid is siaconylajatliarajiilic acid, 

COOH .C,H4.NH.CO.CH2.CHa. CO OH. 

I At»;tract of paper by Casparis, Y. B. Phm'm,, 1924, 2 ^ 5 * 

23 
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.-f- Sierckianufn. found in the Alps, usually produces three or 
four tiiteroiis roots. A. Lycocionum and A. author a ate 
yellow-flowered spe-cies, the roots of which are not likely* to be 

mistaken for the official drug. 

2. Japans Aconite. — The Japanese aconite of Kuropean 
commerce is probably derived from A. uncinatum I^inn. var. 
Jttpomc$im Regel. The roots found in commerce are shorter 


Fjc. 1 1 6 . — Acoaite roots of commerce. A, English ; B, German ; 

C, Japanese ; I>, Indian (Newman). 

and plum^r than the official drug, and dark grey or brownish 
in c»Iotir, The surface is longitudinally ridged in the parent 
rcxjts and nearly smooth in the daughter ones. The interior 
may !:» white and starchy or dark and homy. The root is 
msmMj aid to^ haw a arcnlar cambium but roots have been 
©l»eiv«i in which it is distinctly stellate, 

3* Acwa^fflas,. — Several Indian acomtes have been 
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imported but tliat now usually found in commerce is derived 
from . 4 . demorhtzum. The root is easily distinguished from 
that of A. Xapeiltis. It usually consists of daughter roots 
about 15 cm. in length and about 4 cm. in diameter at the 
crown. The surface is dark brown and coarsely wrinkled. 
The drug is very hard and horny, the starch being usually 
gelatinised hj excessive heating.’*' It contains the highly toxic 
alkaloid pseudaconitine. This is also found in * 4 . Balfourit, 
the roots of which have been imported. The roots of A. 
chasmanihum, containing indaconitine, have been found in 
American commerce. Aconitum heterophyllum 3aelds atis 



Fig. 1 1 7. — Soviet Aconite [Sutcliffe). 


root, containing an amorphous alkaloid, atisine, which is 
mu<di less toxic than the aconitines. The tubers, which are 
about 1-5 to 4 cm. in length and of an ash-grey colour, are used 
in India as a tonic. During recent months (1938) Indian 
aconite, guaranteed to be from A . Napellus, has been imported. 

4. Soidet Aconite. — During the last few years shipments of 
Soviet aconite have been received in Tondon. The drug is 

* For an account of tjhe anomalous stmctuxe of tlie roots of various 
species of Indian aconite, in wMcli the central paxencIiyiiia.tons ground 
ti^ue devirfop® vascular strands, see Soleredear, p. ^06. A. hsterophyllum^ 
A, dmnorMmm, and A, Bidftmrii axe among the species thwe mention^. 
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easily T'.-.. ! !>y the fact that a considerable number of 

tiii>ers are often united toj: ether in a row (Fig. iiy). In 
res|.Mtii5e to iiit|iiiry made by the author, the U.S.S.R. Institute 
of Plant Indust ly inft>rni us that the plant is grown in 
Kazakstan and Kliirghistan, and state “ It is a Tian Shan 
geographical race of Aa'^mtum Xapellm F., which has been 
described by our botanists, B. A. Fedchenko and F- Utkin, 
uiidt-r the name of Aa^niium tianschanicum. This description 
mi!! be published in an early issue of the Bulletin of Applied 
Genetics and Plant Breeding. The ‘Tuber Aconiti ' 
of this race are noted for their high alkaloid content." The 
latter statement is conlirmed by analyses made here, which 
give I -41 and 1-58 of ether- soluble alkaloids in two samples 
examinee!. 

The T ::y>: igica! properties and chemical nature of the 
alkaloids are l^ing investigated by my colleagues, H. H. Barber 
and F. R. Bdumford. Preliminary’ biological tests on tinctures 
made from equal weights of a good Hungarian sample of 
Xapellm and from the Soviet drug showed that the 
So\iet tincture exhibited the higher potency^ when assayed 
on frogs. A sample of the crude alkaloids w’as extracted, and 
from this mixture an alkaloid identical with the aconitine 
of , 1 . Xapellus was isolated. The details of this investigation 
will shortly be published. 

Assay. — As mentioned in the Introduction to the Phar- 
macopoeia there is no trustworthy’ chemical method of assay for 
this drag. Owing to the different toxicities of the aconitines 
and aconines, the assay of total alkaloids is of little value. 
Biological methods of assay’, although not officially recognised, 
are sometimes applied to the drug. 

Bms. — A conite is used internally in fevers and externally 
for neuralgia and rheumatism. In addition to the ofldcial 
drag, large quantities of Indian and Japanese aconites are 
M>ld, the idtiiaate destination of which is a matter for con- 
jecture. 


HELLEBORI NIGRI RHIZOMA 

Bimek Heiiebore Rkizome j F. Hell Shore Noir ; G. Schwarze 
Xiesswurzd, Winterrose 

mxm* — Black hellebore rhizome is obtained from Helle- 
miger, a |»reiinial herb indigenous to Central Europe but 
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cultivated in Eiiglisli gardens. Two similar species, Helleborns 
riridis and H, fcetidus, are indigenous to Britain. The drug is 
chiefly* collected in Austria and Germany. 

Characters. — ^The drug occurs in irregularly branched, 
blackish pieces from 3 to 6 cm. in length and from 5 to 8 mm. 
in diameter. The branches show encircling leaf scars and the 
remains of the aerial stems or buds. Only a few roots are 
usually found in the commercial drug. 

Transverse sections of the rhizome show considerable 
variation, there being from four to twelve or more vascular 
bundles often of widely different shapes.* In the roots the 
wood has a somew^hat stellate form (cf. Cimicifugct and 
Aconituni). 

Constituents. — Black hellebore contains tw^o crystalline 
glycosides, helleborin and beheborein. The latter is a chromo- 
genic saponin yielding on hydroE^sis hellebore tin, glucose, and 
acetic acid with the production of a violet colour. An infusion 
gives no dark colour with ferric chloride (distinction from 
cimicifuga) . 

Uses. — The drag is occasionally employed as a purgativ'e 
in veterinary practice but is obsolete in ordinary medicine. 

CIMICIFUG.^ RHIZOMA 

Cimicifuga, N.F. ; Actaa Racemoscc Radix ; Cimicifuga, Black 
Snakeroot, Black Cohosh ; T. Racine dd Actee d Grappes ; 
G. Schwarzc Schlangenwurzel 

Source. — ^Black snakeroot is the dried rhizome of Cimicifuga 
racemosa Elliot {Actcea racemosa Einn.). It is collected in the 
U.S.A. (Michigan, Illinois, Indiana, and Kentucky) . 

Characters. — The drug occurs in dark browm pieces about 
4 to 12 cm. in length and i to 2*5 cm. in diameter (Eig. 92). 
The rhizome bears numerous, characteristically curved 
branches about 3 cm. in length. The latter show encircling 
leaf scars and terminate in a cup-shaped scar or in a bud. 
Numerous dark browm roots, from 3 to 12 cm. in length and 
from I to 3 mm. in diameter, are produced on the lower surface 
of the rhizome but man^^ of these are broken off in the com- 
mercial drug. It is hard and homy, has a disagreeable odour 
which is, however, lost with age, and a bitter, acrid taste. 

* Wallis and Saunders {Y. B. Pkarm., 1924, 664), after a careful compara- 
tive study of the rhizom<^ of H. niger and H, fmtidus, Virere unable to find any 
constant ciiaracters by means of wMch the two rMzonnes could be 
distingiiislied. The same also appears to be true of H. viridis. 
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III section the rhizome shows a thin, dark brown cortex, 
iiu me routs radiate, yellowish wood bundles, separated by dark 
brown medullaiy rays, and a large pith.^ The branches have 
a similar structure but relatively small pith. The roots have 
a thick brownish bark and a central, yellowish wood with four, 
five, or six rays (usually four, arranged like a Maltese cross). 

CoiisMtueiite,— contains about 15 to 20 per cent, 
of resinous substances (cimieifugin), which separate on pouring 



Fig. I iS. — Etiizome of Cimicifuga racemosa (Newman). 


a concentrated tincture into water. According to Finnemore 
'icroh the drug contaiiis three ciy^stalline bodies (apparently 
alcohols, blit requiring further investigation) ; phytosterol ; 
palrritic, oleic, and is .ferulic acids, ^ and possibly an alkaloid, 
— Cimicifuga has been recommended in the treatment 
of chorea. It has olm been used, but with less success, for 
rhetimatisiii, urticaria, neuiralgia, and dysmenorrhoea. 

• Taaaiii is sojnctimes stat«l to be present. "Ware (in a private com- 
aiiiijeati«i| itato “ there is no tannin present, in any appreciable quantity 
mi any rate. Tht colour reacticm g'iven by iron is probably mainly due to 
: ac:id, which is phenolic, and related bodies."' 
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STAPHISAGRIuE SEMINA 

Pedictdarts ; Stavesacre Seeds ; F. Staphisaigre ; 

G. Stephanskdrfier, Ldusekorner 

Source. — Stavesacre seeds are obtained from Delphinitim 
Siaphisagria, an annual or biennial herb cultivated in Italy 
and other Mediterranean countries. 

Characters. — ^The seeds are obscurely triangular or quad- 
rangular in outline, and about 6 mm. long. The testa is dark 
brown but usually covered with greyish dust. It is deeply 
reticulated. S ections show a large, oily endosperm in which a 
small embryo is embedded. The latter lies at the more 
pointed end of the seed, where the hilum may be seen. The 
endosperm has a bitter, intensely acrid taste. 

Constituents. — ^The seeds contain abont i per cent, of 
alkaloids and from 30 to 35 per cent, of fixed oh. The chief 
alkaloid present is delphinine, €34114709^, a crystalline 
base isolated by Brandes (1819). Other alkaloids present 
are delphisine (crystalline), delphinoidine (amorphous), and 
staphisagroine (amorphous). 

Uses. — ^The seeds are used in the form of an ointment as a 
parasiticide. The alkaloids are extracted together with the oil. 

Genera 9, species 150. Perennial herbs or shrubs. The 
flowers are hermaphrodite, regular, and hypogynous. The 
perianth is differentiated into cal}?!?: and corolla. The stamens 
are generally in two whorls. The ovary is usually comprised 
of one carpel. The fruit is a berry (rarely an achene) ; seeds 
one to numerous. 

In some members of the family there is a close resemblance 
to members of the Ranunculacese, Hydrastis, for example, being 
sometimes placed in the Ranunculacese in the same tribe as the 
Peony. The cKx:urrence of the alkaloid berberine in the Ranales 
and the succeeding order, the Rhoeadales, is of interest.* It 
is found in : 

Order BAHALES Family Ranunculaceae, e.g. Coptis, 

Family Berberidacese, e.g. Berberts 
and Hydrastis. 

Family Menispermaceas, e.g, Cosci- 
nium. 

* BcarberiBe is also foanci in. the Rntaoeae (species of Xanihoxylum, 
Todd-mlim, ctc.|. 
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OiiUt BHCEADAI.es Family Papaveraceae, e,g. Argemone 

and Chd i d o n i u m . 

teller alkaloids in these families are chemically ^related, e,g. 
ii\"ciKi 5 tiiie ifroiii a member of the Berberidaceae) is related to 
iiarcotiiie ifroiii a member of the Papaveraceaeb 

The stein of an Indian sj>ecies of Bcrberis {B. aristata) was 
birmerly <ifiicial and the dried bark of our indigenous Berberis 
is used in medicine. 





Fii;. 1 19. — Khizumes and roots of Hydrastis canadensis (Sutcliffe), 

HYDRASTIS RHIZOMA 

HydmMis ; Gidden Setd, Yellow Root ; F. Racine d* Hydrastis 
dm Canada ; G. Canadische Gelhwurzel 

&>iijrce- — Hydrastis consists of the dried rhizome and roots 
of Mydfa^i% canadensis, a small perennial plant indigenotis 
to the wo€m3s of eastern Canada and the eastern U.S,A. The 
mild plants lia%"e been exterminated in many districts but are 
still found in pa,rts of Viigjma, Ohio, Kentucky, and Indiana. 
The greater part of the commercial drug is now obtained from 
cultivated pMnts grown in America and in Europe. 

CuMvi^iki, — Cultivation presents considerable diffi- 

culty, the plants taMng alK>iit five years to produce a saleable 
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rHzome and being liable to fungal and other diseases.**' The 
rhizomes are collected in the autumn and dried - 

History. — ^The use of M’drastis, both as a drug and as a dye, 
was learnt by the earb' European settlers from the Cherokee 
I ndians. 

Characters. — ^The drug consists of almost cylindrical 
rhizomes about i to 5 cm. in length and from 2 to 10 mm. in 
diameter (Fig. 119). The rhizomes grow more or less obliquely 
and bear numerous, short branches, which terminate in cup- 
shaped scars and bear encircling cataphyllaiy" leaves. Similar 



Fig. 120. — Transverse section of hydrastis rhizome (Sutcliffe). 

scale leaves are found on the rhizome, the outer surface of 
which is yellowish-brown or greyish-brown. The roots, which 
originate on the ventral and lateral surfaces, are long and wiry 
and, in the commercial drug are often broken at a distance of a 
centimetre or so from the rhizome. The drug breaks with a 
short, waxy fracture. It has a slight but distinctive odour 
and bitter taste. 

A transverse section of the rhizome (Fig. 120) shows a fairly 

* For details of hydrastis cultivation, see Thoms, Handbuch der Pharmazie, 
Band V, p. 223, and Hirose and Langenhan, /. A mar. Pharm. Ass., 1930, 
349 and 449. The latter -workers show that considerable decomposition of 
hydrastine into hydrastinine and opianic acid takes place if the temperature 
of drying exc'eeds 35°. 
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thick, yellow or yellowish-brow’-n bark ; from twelve to twenty 
laclially-eloiigattid, bright yellow 'wood bundles, separated by 
wide medullary rays ; and a large pith. The roots show a 
suberised li>'iK>dermis, a starch-containing cortex,^ a slightly 
lignifieci eiidoderinis, and a small, central wood with two to 
six rays. 

Constitiiente.™ Hydrastis contains at least three alkaloids, 
namely, liydrastine, CsiH^iOeX, berherine, C20H19O5N, and 
eanacliiie, Ca^H^dJiN. Commercial samples yield 1*5 to 4 per 
cent, of hj'drastine and 0*5 to 6*0 per cent, of berberine. The 
former, wMch was isolated by Perrins (1862), forms colourless 
prisms, the latter reddish-yellow needles. The drug also con- 
tains resinous substances, starch, pliyi:osterin and a little 
volatile oil. On treatment with dilute nitric acid, hydrastine 
undergoes hydrolytic oxidation, the reaction closely resembling 
that m’hich takes place when narcotine is heated with the 
same reagent, i.e. : 

HP fO = CpHiPs 

H 3 'cirastiiie Opianic acid Hydrastinine 

10 C12H15O4N 

XariTitine Opianic acid Cotamine 

Kydmstis rdelds 5 to 8 per cent, of ash and not more than 
3 per cent, of acid-insoluble ash. Powdered hydrastis yields 
a charact eristic, crv'stalline sublimate of hydrastine when 
gradually heated in a crucible covered with a glass slide. 

Aiulierante. — Adulterated hydrastis has frequently been 
fotind in commerce, but the detection of substitutes presents 
little difficulty.* 


PODOPHYLLI RHIZOMA 

B,P. ; Podophyllum Rhizome^ May-apple Root, 
11': Li Mmndmke ; F. Rhizome de Podophyllum; G. 

FtiSsMMimurzel 

— PiMic^liylluiii consists of the dried rhizome and 
r«>ts of PoiophyUum peliaSum, a perennial herb common in 
moist, shady situations in the eastern parts of Canada and the 
U.S.A. "I he drug is collected in Virginia, Kentucky, North 

Carolina, Tenne^e, .and Indiana. 

wa »K»i33at oi aomeroBs a«diilt€raats, see Blague and 

Atatr»rts in 1% 142. 



BERBERIDA CE.E 


CoUecMoD.. — ^The rMzome, which is about a metre in length, 
is dug up,* cut into pieces about lo cm. in length, and dried. 

History. — The drug has long been used by the Indians as 
a vermifuge and emetic and was introduced into the 1S64 
Pharmacopoeia . 

Macroscopicai Characters. — Podophyllum occurs in sub- 
cylindrical, reddish-brown pieces about 5 to 20 cm. long and 
5 to 6 mm. thick. The outer surface is smooth (autumn 
rhizome) or wrinkled (summer rhizome). The nodes are 



Fig. 12 1. — Podophyllum. American above, and Indian below (SutcliflEe). 


enlarged to from two to three times the diameter of the inter- 
nod^, On these swellings the remains of the aerial stems are 
viable on the upper surface as large, cup-shaped scars sur- 
rounded by the remains of cataphyllary leaves some of which 

* RnsseU, Amer. J. Pharm., 1918, 9, states tkat the drug is gathered 

at all seasons but the greatest percentage of resin was found in the early 
S|Jiiiig-collected drug, and this resin conforms closely to the Pharmacopoeia 
requirements.” The best time for collection would seem to be in the autumn, 
after the aerial parts have died down, as aithongh abundant resin is present 
in the early spring it rapidly d^reases in amotint when the plant begins to 
put oat aerial shoots. 
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have bulls in their axils. On the lower side of eacli node are 
about fn-e to t%^'e!ve rcM>t scars or portions of roots. The latter, 
if entire, are from 2 to 7 cm. in length and about 1*5 mm. in 
diameter. The drag breaks with a short fracture and shows a 
starchy or horny interior. Odour, slight ; taste, disagreeably 
bitter and acrid. 

Microscoiacal Characters,— A transverse section of the 
rhizome (Fig. 122) shows a dark-coloured epidermis, one or 
two layere of cork cells, a large collenchymatous and parench^^- 
iiiatcnis cortex and pith, and a ring of from twenty" to thirty 
small, vascular bundles. The small vessels of the latter have 


Fic. 122. — PodofhyUmn peiiaium. Transverse section of rhizome (Sutcliffe). 

sitnple por« or reticulate thickening. Many of the cells of the 
ground tissue contain reddish-brown masses of resin, cluster 
cr>’stals of calcium oxalate, and starch. The cluster crystals 
are 30 to W to i€X}/2 in diameter, many exceeding 6o/x.* {Of. 
Indian Podophyllum.) The starch occurs in simple grains 
3 tc> 15 to 25)^ in diameter and in compound grains with two 
to fifteen components. In those rhizomes breaking with a 
homy fracture the starch shows gelatinisation. The roots have 
a central wood occup3nng about one-sixth of the total diameter. 

* Wallis and Goldl^rg, “ The Histology of Podophyllum,** V. B, Bharm , 
1917* 40-5 * 
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Constituents. — -Podophylluiii owes its purgative action to 
about 3 to 8 per cent, of resin, often known as podophyllin, 
wMcli may be prepared by pouring an alcoholic extract of 
the drug into water, and collecting and drying the precipitate. 
The drug also contains starch and calcium oxalate. Ash about 
3 per cent. 

The crude resin contains podophyllotoxin, Ci5Hi40e 
(forming o*2 to i*o per cent, of the rhizome), a purgative 
crystalline substance ; podophylloresiu, an amorphous pur- 
gative resin ; picropodophyllin (see below) ; and quercitin, 
C15HJ0O7.2H2O, a yellow crystalline flavonoL Podophyllum 
Resin B.P. be prepared from either American or Indian 
podoph3^11um (P. emodi below). 

Podophyllotoxin on treatment with alkalis takes up a 
molecule of water and forms a gelatinous, unstable acid, 
podophyllic acid. The latter by loss of vrater forms ci>"stalline 
picropodophyllin (an isomer of podophyllotoxin). An official 
test for the distinction of the resins of P. peltatum and P. emodi 
appears to be based on the gelatinisation of podophyllotoxin 
by alkali and the fact that the resin prepared from the Indian 
drug is richer in this constituent than the American. 

Uses. — Podophyllum is used, mainly in the form of resin, as 
a drastic but slow -acting purgative. It is frequently prescribed 
with other purgatives and with henbane or belladonna to 
prev^ent griping. 

PODOPHYLLI INDICI RHIZOMA 

Podophyllum Indicum, B,P. ; Indian Podophyllum 

Source. — ^Indian podophyllum consists of the dried rhizome 
and roots of Podophyllum emodi Wall., a perennial herb found 
in Thibet and Afghanistan. 

Macroscopical Characters. — ^The drug, at first glance, shows 
little resemblance to American jXKiophyllnm. The roots fre- 
quently break off and some samples consist almost entirely 
of rhizomes (Fig. 121), while others consist largely of roots. 

The rhizomes occur in much contorted pieces of an earthy 
brown colour, about 3 to 4 cm. long and i to 2 cm. in diameter. 
The intemodes are much shorter than in the American drug 
with the result that each piece bears the remains of about three 
to six branches ending in cup-shaj>ed scars, and about twenty 
to forty roote or root scars. The odour and taste resemble the 
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American drug- The rhizome is hard and somewhat difficult 
trj break. I iit emails'’ it is pale brown in colour and horny 

f usually) or starchy. 

Microscopical Characters. — The general arrangement of the 
tissues resembles that found in American podophyllum, but 
tlie vascular bundles are more elongated radially. The calcium 
oxalate cluster ciy’stals are fewer and smaller, 20 to 30 to 

The starch grains are simple or 2—20 compound ; individual 
grains 2 to f to 34jLi * {cf. American podophyllum). 

Constituents. — Indian podophyllum closely resembles 
Anieriean podophyllum in constituents, but the amount of 
resin fio to 12 per cent.) and podophyllotoxin (i to 4 per cent.) 
is greater. The resin usuall3" contains about twice as much 
T>oiir>piii.'llotoxiri as that prepared from P. peliatum and can be 
distinguished by the Pharmacopoeial test based on the relative 
solubilities of the two resins in ammonia. | 

The drugs may be distinguished chemically by adding a 
few d rops of sim n§ saluiion of copper acetate to a filtered alcoholic 
extract prepared from each, P. peliatum gives a bright green 
colour and no brown precipitate, while P. emodi gives a brown 
precipitate but no green colour. 

Us®, — Indian p^ophyllum is used for the preparation of 
the resin and closely^ resembles the American drug in its action. 


Family MENISPERMACE^ 

A tropical family^ of 70 genera and about 300 species. The 
memlxrs are generally lianes with palmately-lobed leaves and 
dicecious flowers. Anomalous stem structure is frequently 
found and abnormal secondary growth takes place in the roots 
of some genera, e.g. in the root of true Fareira brava, Chondo- 
demiron iomtemi&smm, a drug formerly^ official hut now seldom 
used, sacc^ive ombia are produced giving rise to concentric 
rings of wocmI, The root structure of Calumba and the stem 
structure of Coscim’mm fem^stradum are, however, normal. The 
brcMd primary medullary rays found in the stem of Coscinium 
are a family characteristic. The fruit is a drupe the dorsal 

• Wallis aad CksMterf, “ Tiae Histology of Indian Podophyllum, Y. B. 

Phmrm., 1937 - 

f Cf.. ■** Tl^ Tfssts fysr iStf^ias of Jalap, PodophyDum, and 

P./., 215 ; sm 'ifcfeo P./., 2.87. 
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side of which develops more rapidly than the ventral so that 
the apex lies close to the base, e.g, in the fruits of Anamirta 
paniculata, commonly known as cocctilus indicus or fish berries. 


CALUMB^ RADIX 

Calumhm^ B.P. ; Cahmiba Root ; F. Racine de Colombo ; 

G. Kolomhowurzel 

Source. — Calumba is the dried, sliced root of Jateorhiza 
palmata (Lamarck) J^Gers, a dioecious climbing plant indigenous 
to the forests of Mozambique (Portuguese East Africa) and 
Madagascar. 

History. — ^The drug was introduced into Europe by the 
Portuguese in the seventeenth centur>% but does not appear 
to have been very extensively used until its introduction into 
the London Pharmacopoeia in 1788. Like many East African 
drugs, it frequentl3^ reached Europe via India, and it was 
formerly thought that its name was derived from the town of 
Colombo in Ceylon. Actually it is derived from Kalumb, the 
African native name for the root. 

Collection. — ^The plant possesses a somewhat slender 
rhizome from which numerous large, fusiform roots are given 
off. These are dug up during dry weather (March), the 
rhizomes rejected, and the roots cut into transverse or oblique 
slices and dried in the shade. The drug is usually packed in bags 
each containing about i cwt. The root as imported, '' natural 
calumba,” is of an earth^^ brown colour owing to adhering soil. 
This is frequently removed by washing and brushing and the 
drug graded, the product being known as washed calumba.” 

llaeroscopical CJharacters. — Calumba occurs in circular or 
oblique slices according to whether the root has been sliced 
transversely or obliquely (Fig. 123). These are usually from 
2 to 8 cm. in diameter and from 3 to 12 mm. in thickness. The 
centre, being less woody and less starchy than the remainder of 
the section, is usually much depressed owing to shrinkage 
during (hying. 

The cork is thin, greyish-hrown or reddish-brown in colour 
and longitudinally wrinkled. Within it lies a broad, greenish- 
yellow zone which extends to the cambium and contains in its 
outer part isolated sclerenchymatous cells within which are 
dark grey, sinuous strands of sieve fesue. The greyish wood, 
which is separated from the bark by a dark cambium line, 
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shows iiiifiiercius narrow, radiating lines of yellow vessels 
separated by abojidant parencliyma. Some pieces show tw’o 
©r more concentric zones of wood. The fracture is short and 
starchy ; cmIouf, slight and somewhat musty ; taste, bitter. 

Micrmcopicai Characters. — -Under the microscope the drug 
is cliaracteri^sed by the sclerenchymatous cells, w'hich have 
unevenly thickened, yellow walls and contain a number of 
prisms of calcium oxalate ; by the abundant parenchymatous 
cells containing starch grains, each grain measuring about 



Fig. 123. — Calumba Root (Ne^vroaii). 


20 to in ten^h and having an eccentric, verv distinct, 
radiate or deft hilnm ; and by the yellow reticulate vessels! 
The walls of both the sderenchj-matous cells and vessels on 
treatment with 60 per cent, v/v sulphuric acid change colour 
from yellow to green. 

Substitutes and Adnlteraiits. — Calumba is rarely adulterated, 
hnt the supply is erratic and adulteration is more likely in 
times of short^e than when a liberal supply is available. 

Calumba frequently contains occasional slices of calumba 
rktxome. These average about 2 to 3 cm. in diameter. The 
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structure is markedly radiate and, owing to its greater woodi- 
ness in that region, is not depressed in the centre. Asli, 12 to 
17 per cent. 

Ceylon calumba, the stem of Coscinium fcnestraium, is 
rarely cut into transverse slices and more closely resembles 
berberis stem than caltiniba. The transverse section shows 
very distinct medullarw' rays and hoop-like bands of 
sclereiicliyma outside each group of phloem, 

Ck)iistitueiits. — Calmiiba contains about 2 to 3 per cent, of 
alkaloids and non-alkaloidal bitter principles, about 30 per 
cent, of starch, mucilage and traces of a fluorescent substance. 
It contains no tannin. The drug yields about 4 to 7 per cent, 
of ash, higher ash values indicating badly cleaned root or the 
presence of calumba rhizome (B.P. '' ash, not more than 
9 per cent/'). 

The work of Gunzel (1906), Feist and Feist and 

Sandstede (1918) pointed to the fact that calumba contained 
three quatemaiy’ bases. These were not obtained in the free 
state but in the form of iodides and w ere named palmatine 
** columbamine ” and “ jateorrhizine.” Feist and Dschu 
(1925) state that the bases previously described as 
“ columbamine ” and “ jateorrhizine have proved to be 
mixtures of palmatine and a new phenolic base to which the 
name jateorrhizine is now applied. Spaeth and Burger (1926) 
report the isolation of a third base columbamitie. 

The non-alkaloidal, crystalline, bitter principles are known 
as columbin and '' chasmantherin." The former appears to 
be a lactone of a yellow, amorphous acid, columbic acid, which 
it 3ields on treatment with acids or alkalis. 

Uses. — Calumba is used as a bitter tonic and, as it contains 
no tannin, ma^^ be prescribed writh iron salts. 


COCCULI FRUCTUS 

Coccuhis Indiciis ; Levant Berries, Fish Berries ; F. Coque 
du Levant ; G. Kokkelskdrner , Fischkdrner 

Source. — Cocculus indicus consists of the dried fruits of 
Anmmirta panictdata, a climbing shrub found in south-eastern 
Asia (particularly the Malabar coast of India) and the East 
Indies. The natives collect the red, reniform, drupaceous 

Siic<K of calumba examined in ftitered ultra-violet light appear intensely 
yellow, with the cambium and phloem showing a datrlc green colour. 

24 
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fruits and tlri' tliem in the sun when the^' become blackish in 
colour. They are largely exported from Bombay and Madras. 

Character.-— As in other members of the Menisperniacese 
the dorsal side of the fruit grows more rapidly than the ventral 
with the result that the fruit becomes reniform and the base 
and a|'>ex both lie on the concave side. The base bears a small, 
circular scar left by the removal of the stalk, from which runs 
a ridge to the slightly pointed apex. The pericarp is rough 
and woody. Sections cut in various planes through the fruit 
show an infolding of the pericarp on the concave side which 
holds the cup- shaped seed in position. The latter consists of 
an oily endosperm surrounding the embryo, which lies with its 
radicle pointing towards the apex of the fruit and the two 
cotyledons occupying separate slit-like cavities in the endo- 
sperm. The drug has no odour ; the pericarp is tasteless, but 
the seed is intensely bitter. 

Cteisfeatnents. — The seed contains a bitter, crystalline, 
!i:gh!y-tox:c sutetance, “ picrotoxin which has been given 
the formula C30H34O13, but which may be separated into 
definite proportions of picrotoxinin, Ci5Hi606,H20, and 
picrotin, C15H1SO7- The seeds also contain coccuHn (a taste- 
cjystaliine substance), and about 50 per cent, of fat. 
According to Pelletier and Courbe (1833), the pericarp contains 
the alkaloids menispenmine and paramenispermine. 

Uses. — Cocculus indicus is used for the preparation of 
picrotoxin. which has been employed to a limited extent in 
phthisis and, in the form of an ointment, to destroy pediculi. 
Ib'eiy’ small quantities are sufficient to stupefy fish. 

Order RHCEADALES 

An order allied to the Ranales, consisting of the families 
Fwipavcraceie {including Fumariacese), Capparidacese, Cruci- 

fci», and Re^dac^e. 

Family PAPAVERACE.ffi 

A family of 28 genera and about 600 species. The plants 
are usimHy herl» with solitary, showy flowers of the floral 
fonnala, K2'— 3, C2'+-2 or 2+4, Aoo, G(2 — 00). The fruit is 
generally a ca|»tile, with ntimerotis seeds, each containing a 
small einbiy’'0 in an oily endosperm. The family may be 

* Wm figaras, »ee Wallis, I^kmrmacogn^sy, p. 61. 
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divided into three subfamilies, the PapaveroideiO, Hypecoide^, 
and Fumarioideae.* 

The Papaveroideae, to which the following remarks apply, 
contains the genera Pa paver (lOO species), Meco^iopsis, Arge- 
mone, Escksckolfzia, GlanciumA and Sangidnaria, All the 
members contain latex tissue. This sometimes accompanies 
the vascular system, e.g. in Papaver, and sometimes is quite 
independent of it, e.g. in Satjguinaria. In some species, e.g. 
Sanguinaria and Eschscholtzia the latex is contained in sacs, 
while in others it is contained in vesesls. In Papaver and 
Argemone the latex vessels anastomose when mature and 
rarely show the remains of the original transverse walls ; in 
Chelidonium, however, anastomoses are absent and the 
marginal parts, at least, of the transverse walls are retained. 
The poppies are typical members of this subfamily. 

Papaver Bhceas, the red, com or field poppy, is an annual 
herb about 30 to 60 cm. high. The stem is hair>" and bears 
pinnatifid or pinnatipartite leaves, the segments of which are 
lanceolate and have a deeply serrate margin. The flowers, 
which appear in summer, are much smaller than those of 
P. somniferum. The petals are scarlet with the exception of a 
dark violet patch at the base of each. The capsule is glabrous, 
obovate, and about twice as long as broad. The stigmatic 
disc has eight to twelve rays. Fresh red poppy petals are 
used as a colouring agent, usually in the form of a syrup. The 
chief colouring matter present is an anthocyanidin glucoside, 
mekocyanin, an isomer of the cyanin found in red rose petals. 

PAPAVBR SOMNIFERUM 

The opium poppy, Papaver somniferum Fiun. is an annual 
herb about 50 to 150 cm. in height. The stem and leaves 
are glaucous. The latter are about 10 cm. in length, entire, 
sessile, and amplexicaul. The margin is dentate but varies 
somewhat in the dijfferent varieties. The flowers, wMch are 
borne on a slightly hairy peduncle, are solitary, nodding in 
the bud, and have caducous sepals. They have the floral 

* Tlie medicinally imiwrtant genera Papaver and Sanguinaria belong to 
tlie Papaveroideae. The other subfamilies are of minor interest only to the 
pharmacist. Neitiier contains latex vessels or latex cells. In the 
Fnmarioideae oil-ccmtainiiig sacs are found and interesting alkaloids are 
found in the tnlwsErs of several specii^ of Cctfydaiis. For details of these, see 
Hmry's Piani Aikakdds. 

f Gimucimm Jimmm axktddns the alkaloid glancine and the three alkaloids 
foend in Samgnimmia 




Fics. 124. — Pap^azrr sommifirum. A, floweririg stem ; B and C, capsules with 
pericarp partly reni«vMl ; JD, seed ; E» transverse section through part 
of |»ricarp and placenta ; F, isolated latex vessels. 1, sepal ; 12, petal ; 
3, ttigma ; 4, placcata ; 5, bundle of fibres; 6^ vascular bundle; 

7, fimicultts. lAil after Thoms, Ma^bu€k cf#r Ph^rmazie.) 
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formula K2, C2— 2. \-jo^ G(yz). The iiiiilocular ovary contains 
numerous ovules attached to parietal placentas. It bears at its 
apex a fiat disc formed by the union of the radiating stigmas. 
The capsule opens by means of small valves, which are equal 
ill number to the carpels and situated immediately below the 
stellate stigma. 

In addition to numerous garden h^’brids the following 
varieties are recognised : — 

P. somniferuni var. glahrum Boiss., cultivated in Turkey ; 
flowers usually purplish but sometimes white ; capsule sub- 
globular, stigmata ten to twelve ; seeds w^hite to dark violet. 

P. somnifcrum var. album D.C., cultivated in India and 
Persia ; florvers and seeds white ; capsules more or less egg- 
shaped, 4 to 8 cm. in diameter, without pores under the stigma. 

P. somnifcrum var. nigrum D.C., cultivated in Europe for 
the seeds, which are slate-coloured and are known as maw 
seeds '' (probably a corruption of mohnsamen). The leaves and 
calyx are glabrous, the flowers violet, and the capsules some- 
wrhat smaller and more globular than those of the var. album. 

P. scrmnifcriim var. setigermn D.C., a truly wild form found 
in Southern Europe. The peduncles and leaves are covered 
with bristly hairs. The leaf lobes are sharply pointed and 
each terminates in a bristle. 

Poppy capsules contain, rvhen ripe, from o*oi8 to 0-28 i>er 
cent, of morphine. They are used as a mild sedative in cough 
mixtures and as a domestic remedy’ for toothache. The seeds 
contain no morphine but about 50 to 60 per cent, of a drying 
oil w^hich is used by artists and also for cooking. 


OPIUM 

Qpmm, B.P. ; Opium ; E. Opium ; G. Mohnsaft 

Source. — Opium is the latex, obtained by’ incision from the 
unripe capsules of Papaver somniferimi and dried by^ 
spontaneous evaporation. The chief opium producing regions 
are Turkey’ in Asia, the Balkans (Turkey in Europe, Yugoslavia, 
Bulgaria, and Greece), India, Persia, and China, 

BOstory. — Opium was well known to the ancients. 
Uioscorides, about a.D- 77, distinguishes between the latex 
of the capsules, opos, and an extract of the whole plant, 
mekonion. The use of opium spread from Asia Minor to 
Persia, where opium eating became popular, and thence to 
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India and China. It was not, however, until the second half 
of the eighteenth centur>' that opium smoking began to be 
exteiisiveh’ practised in China and the Far East. 

Asia 3Iiiior has from ver}' early times been an important 
centre of opium production. In Macedonia cultivation was 
started as recently as 1865. Persian opinm was imported into 
this coiiiitiy' from about 1870 until after the war, but is 
now rarely seen. Opium was cultivated in India during the 
Middle Ages and the monopoly of the Mogul Government was 
taken over first by the East India Company and then by the 
British Government. Formerly Indian opiums, being pre- 
pared mainly for smoking, were little esteemed for pharma- 
ceutical piirpeees. That imported since the war is, however, 
of good quality and is largely nsed for the mamifactnre of 
alkaloids. 

Coimi»K^«* — A. Exports. — In pre-war days the prodnction 
of opium in Turkey’ averaged 500,000 okes (i oke=2*82 lb.) 
per annum. In 1925-26, 228,000 okes -were produced. 

Yugoslavia, the chief Balkan producer, exports about 150,000 
kilos annually’. 

In British India all the opium produced is sold to the 
Government factorv^ at Ghazipur, United Provinces. The area 
under cultivation has been reduced gradually and the former 
large exports to China entirely discontinued since 1913. The 
extent of the reduction in recent years may be judged from 
the exports, which fell from about 26 million ounces in 1926-27 
to about 9 million ounces in 1930—31. 

B. ImpOTis. — ^The imports into Britain in 1926 were 
96,000 lb. from British India ; 21,688 lb. from Asiatic Turkey, 
and 2,398 lb. from other countries. USTone was imported from. 
Persia or China. In the same year re-exports, chiefly to 
Russia and the U.S.A., were 20,108 lb. 

CMfcivatou, (MleciicmL, and Preparation. — ^A. Turkey and the 
BalkaiB. — ^In Asiatic Turkey the purple-flowered P. somniferum 
var. gimbrmm is cultivated, while in Macedonia P. somniferum 
vax. mlipmm creased with a violet-grey form is the principal 
source, f Rich alliivial soil is preferred and the yield of 
opium is much increased by the use of fertilisers. Two sowings 
are made, one in the autumn and a second in the spring. 

The size of the spring sowing is regulated by the success or 

• The followiag s^tisti^ are uiostly taken from the C. and i>., 192S. 

494 Msi 551, wlfccre more detailed mformation will be found. 

t Ci, Vrge^, Cml$m^i€m of Aimc&doni&m Opium, abstract in K. B. Pkarm,, 

aS. a 48 
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otherwise of the first crop w^hich, owing to bad weather or other 
causes, is often a partial failure. The first crop flowers from 
the end of Ma^’' to the beginning of June and the second crop 
about a fortnight later. 

Each plant bears about five to eight capsules. These are 
incised when they are about 4 cm. in diameter and the colour 
is changing from green to yelIow^ The incisions are made 
betw’een niid-da3’ and evening, the operators working in lines 



Fig. 125. — Opium. A, incised capsule of TurkisF poppy ; B, instrument 
used for incision ; C, a scraper used in Turkey ; D, incised capsule of 
Indian poppy ; E, nusiitur ; F, seetooar ; O, epidermis of poppy 
leaf ; H, epidermis of poppy capsule. 


and not retracing their steps, to avoid shaking off the exuding 
latex. For the same reason wind and rain adversely affect the 
yield. The knives used vary somewhat in shape in different 
localities as do the number and form of the incisions, but a 
single transverse cut extending almost completely round the 
capsule is usual. The incision must not penetrate into the 
interior of the caj^ule or latex will be lost. The latex, which is 
at first white, rapidly coagulates and turns brown. Early in 
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the morning of the day following the making of the incisions 
the partly dried latex is scraped off with a knife or special 
scraper. The latter consists of a piece of metal fitted into a 
wooden tray provided with a handle (Fig. 125, C). If a knife 
is used, the scrapings are collected on a popp3" leaf. The 
collectors favour the use of saliva for moistening the knife or 
scraper to prevent the opium sticking and, subsequently, for 
massing it into cakes, stating that it prevents mouldiness. 
The still moist latex is further dried in the air, made into lumps 
surrounded by poppy leaves and placed in cotton bags con- 
taining dr>" dock fruits (Rumcx spp.). These are sealed and 
transported on mules or camels to Smyrna and other ports, 
w^here the drug is examined and graded into “ firsts/' 
“seconds/’ and rejected pieces (“ chicanti ") . The opium 
of difierent districts varies enormonslyin texture and quality, 
some localities regularly producing opium of the first grade, 
while others produce that of the second grade. Some produce 
opium containing about 10 per cent, of morphine when dried 
druggists’ ” opium), w’hile others produce the “ soft " or 
“shipping” opium and manufacturing” opium. * Before 
expK)rtation the opium is repacked in tin-lined cases which are 
sealed hy means of solder, thus giving protection against theft 
and preventing lo^ of moisture. 

The poppy se are pressed to obtain the oil and the seed 
cake is used cattle food. These products, according 

to Vrgoe, cov^ ^|penses, the opium representing net 
profit. 

B. India. — 1 [plant cultivated in India is P, somniferiim 
var. album. itakes place in November and collection 

from April to |The incisions are made in the afternoon, 

hut instead ofl an instminent known as a nushtur ” 

|Fig. 125, This bears narrow iron spikes which are 

drawn don to produce several longitudinal cuts. 

The subsej of the capsule is done with a trowel- 
like seefJ I capsule is cut several times at intervals 

of two otJ After collection the latex is placed in a 

tilted vet dark fluid (“ pussewah ”) which is not 

require<^j {off. By exposure to air until about 


♦ TiaJ 
districts f 
growing! 
iommd ij 
aiici 61:^ 


i6«>piuins of the different Turkish and Macedonian 
|| C. and D., 1938, 493. Maps showing the opium- 
/aaad the Balkans, Persia, and India are to be 
h Phannacogrifsie , Band III, 1 , 590 , boy. 
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October the opium acquires a suitable consistency, which varies 
wnth the different varieties (see below), and' is ready for 
packing*. 

Faxieties. — Turkey “ Druggists’.” — {a) OH Packing. — 
This opium, which is the one described in the l^harmacopoeia, 
contains about 20 per cent, of moisture and not less than 9-5 
|>er cent, of morhpine when imported. That produced in the 
districts of Karahissar, Balukissar, Amasia, Akhissar, Ghi\’eh, 
and Boghaditz is usually preferred. It occurs in fairty firm, 
rounded, or subconical pieces w'eighing from 250 to 1,000 
grammes. The products of different districts var}"" in the 
amount and colour of the poppy leaves in which they are 
wrapped, and in the presence or absence of Rum ex fruits. 
Opium is plastic when fresh but hardens on exposure to air. 
Internally it is more or less granular (distinction from Mace- 
donian, Persian, and Indian opiums). It has a characteristic 
odour, which assists the expert to judge the quality, and a 
bitter taste. Druggist’s opium is imported in cases w’-eighing 
68 to 75 kilograms. 

Turkish opium usually contains numerous fragments 
scraped from the epidermis of the capsules (distinction from 
Macedonian and Indian opium). The vegetable debris is 
found in the residue left after exhausting the drug with water, 
and may be examined in a solution of chloral hydrate. The 
epidermis of the capsules, which usually comprises the greater 
part of the vegetable debris, consists of thick-walled, polygonal 
cells with very occasional stomata. The epidermal cells of 
the poppy leaves, which are also found, are larger and thinner 
than those of the capsules, and those fragments from the lower 
epidermis show numerous stomata (Fig. 125, G and H).t 
Fragments of Rumex fruits and occasional starch grains may 
also he found. 

(d) Turkish Government Monopoly Opium. — This form of 
druggists’ opium has been imported since about 1936.J It is 
made by bulking a considerable weight of opium and passing 
it through some form of mill. The drug is then made into 
cheese-shaped masses which are uniform in size, weight, and 
alkaloid content. Each mass (Fig. 126) is about 5 inches 

* For details, se? Watt’s Dictionary of the Economic Products of India. 

t For figures illostrating the microscopic characters of the leaves and 
capsides, see Thoms, Hemdbuch der Pharmmie, V, 934-5. 

J CoiMnutnicatioii from the Laboratories of Messrs. Stafford Allen. & Sons, 
Ltd., jP.J., 1936, Jane 6, 623. 
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113 cm.) in dsaineter and 3*75 inclies (9*5 cm.) tMck, and 
weighs about 4 lb. 6 oz. (2000 G.). The surface is yellowish- 
brown, being covered with coarseh* powdered leaf. It bears 
on the curved side a pa|)er label in black and gold with the 
letters BfU inside a star and crescent device. x\bout 40 masses 
are packed in a tin-lined case and exported from Istanbul. 
The anhydrous morphine content is usually about 13 per 
cent. 



Fic- I — Twkisla G^woniieiit Monopoly Opium. The mass at the top on 
the right *hcwrs a hole made in sampling. (Photo Stafford Allen & Sons, 

Ltd, I 

B. ** BcA ** ScfflShiiqMng.*’ — These terms axe applied to 
Tiirkisli and Balkan opiums of pasty co^nsistence, containing 
mine 30 |«r of moisture and usually a high percentage 

of morphine. Such opamm was formerly exported for smoking 
to tXMintries where CMn^e coolies are employed, and is used 
for alkaJoid manufacture. The Macedonian or Salonica opium, 
wMch is maiiily product in Ytigcelavia, is favoured by 
Americaii morpMne mannfacturexs as the American custom 
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duties make it advisable to import opium of the highest 
morphine-content available. British alkaloid manufacturers 
are now favouring Indian opium rather than the Turkish and 
Macedonian. 

C- Indian. — Three kinds of opium are produced at the 
Ghazipur factor^-', the only one in British India. The3" occur 
in dark brown or blackish, homogeneous, more or less pasty 
masses : 

1. Excise Opium . — ^This is intended for use in India. It is 
of 90° consistency, i.e. contains 10 per cent, of moisture, and 
is made up in cubical packets of one seer (about 2 lb.) , in cases 
of sixt3". 

2. Medical Opium . — ^This is used b^" the Indian Medical 
Department or is exported to London. It is of 87*50° con- 
sistency and is made up in cakes or square blocks wrapped 
in waxed paper. Kach piece weighs 2 lb. and sixty are packed 
in a case. 

3. Provision Opium . — ^luch of this was formerly sent to 
the Dutch Bast Indies, etc., for smoking. It is now imported 
for the manufacture of alkaloids, recent analyses showing up 
to 13 per cent, of morphine. It occurs in 3|~lb. balls or 
cakes, packed about forty in a case and is usually of 70° 
consistency. 

D. Persian. — Considerable quantities of Persian opium 
were imported during the war, but it is now seldom seen. It 
usually occurs in brick-shaped masses measuring 4x7x12 cm,, 
weighing about i lb., wrapped in red paper and tied with 
red or yellow string. It is more homogeneous in texture 
than Turkish opium and, when dry, very hard and tough, 
pcBsibly owing to the addition of gum during its manu- 
facture. 

B. Other Opiums. — Opium is produced on a large scale in 
China but is not exported, l^ypt no longer exports opium, 
and every effort is made to stop production for local consump- 
tion. In addition to the above countries opium has been pro- 
duced, often only on an experimental scale, in most Buxopean 
countri^, the U.S.A., the Bast Indies, and parts of Africa. 
Bxperiments have shown that a hot cEmate is not essential — 
opium of exc^ent quality has been produced in Scotland — 
but working costs are too high for success on the commercial 
scale. 

CkM^toeels. — Opium contains about twenty-five alkaloids 
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wMch appear to be combined to a greater or lesser extent witb 

nieconic acid and sulphuric acid.* 

The general coiiipositioii of opium has been given as 

follows : ' — “ 

6 to 15 |>ct cent, (average 8 per cent.).| 
rinv 4 to 5 fx.*! cent. 

Oilier alkalokk, 0*5 t«j» 2 j>er cent, 
under 1 per cent. 

:^lec<.rtiic adci, 3 to S |>er cent, (average 4 per cent.). 

Fcdiliar resin and caontchonc, 5 to 10 per cent. 

Fat, 1 to 4 per cent. 

Gum and soluble hunioM acid substances, 40 to 56 per cent. 

Insoluble matters and mucus, 18 to 20 per cent. 

Ash, 4 t<» 8 |M.T cent. 

Water, S to 30 per cent, (average 20 per cent.). 

The opiums of different countries differ not only in morphine 
content but in the relative amounts of the other alkaloids, of 
which the chief are codeine, thebaine, narcotine, narceine, and 
papaverine. In ccmnarir.g analyses of different samples it is 
necessarv' to knov/ :: tiic- ligures are calculated on the moist 
drug, as :r.:p rted. or the drug dried to constant weight. 
Further, the morphine content of opium after increasing for a 
time after collection gradually decreases, § hence the age of the 
sample is of iiii|>ortance. 

Codeine and narcotine are usually present in greater 
amounts in the Macedonian, Indian, and Persian opiums than 

* .\ccording to l-kitt (1.SS4), the alkaloids are combined witli both acids. 
Mfcomc acid m Indian opium has been studied by Annett and B'Ose and an 
abstract of t hr ir paper {Y. B. Ph<arm., 1923, 331) states: — ‘"The meconic 
atrsd content of opium varies dirt^ctly as the total alkaloid content, and it 
appears safecient in amount for all the alkaloids to be combined as meconates. 
The soluMe sulphate of the latex increases as the alkaloidal content 

ds min isliffs. Th-.- is apparently present in a mineral form and the 

aikakiids as mecciaates only, the acid reaction of the opium being due to the 
dissociation oi the meconates of the weak bases, narcotine and papaverine." 

•f Allen's C€*mmer£imi Organic Analysis, Vol. VII, p. 721. 

'* Van dc^r Widen I1913I suggested the use of a standard opium containing 
12 |>ei cent, mcrt'hir.e ; 0 pcjr cent, narcotine; i per cent, codeine, and 

3 per cent. ."-c 

§ Aferaliam and Rae. P.J-* 39-26, 117, 3 and 32, ascribe the loss to a 
pt-TtiVidnse, “ opiase/’ which may be destroyed by heating the moist opium 
I-.; uhf.ut joo® for two hours. In a recent report on Opium Research, in 
Ja-iii* *’ iC. amd £>., Aug. 20, 175) reference is made to breeding experi- 

ments whicli a, re unciertakta with a view to improving the product and the 
attempts made to fend out what causes the loss of morphine on storage and 
what happens to the incwpMoe Icist. The conclusion is reached that there 
seems Iiitfc ad^^antage to be gained from attempting to produce a strain of 
peoples a veiy high morphine ccaatent since the higher the initial 

morj^likie content, the (quicker is the loss of morphine, so that the advantage 
of Mgb initial content is soon Icwt. 
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t|ie\- are in tlie Turkish, a fact which helps to explain the use 
of these grades by alkaloid manufacturers. Typical analyses 
are given below : — 


1 'arieiy. 

Morphine, 
per cent. 

Codeine, 
per cent. 

per rent. 

Turkish * , . 

9 to 15 

0-25 to 1*0 

1*5 to 2*0 

Placed on ian ^ 

13*87 

2*1 

4*67 

Persian t - • 

10*69 

3-23 

1 l*2b 

Indian 1 

8*5 to 12*5 

1*63 to 1*85 



The following table summarises some of the facts about the 
chief opium alkaloids : — 


Alkaloid. 

Formula. 

Discoverer. 

Date 

Morphine 


Sertiimer 

1816 

Codeine 


Robiquet 

1852 

Thebaine 


Thiboumery 

1^35 

Narcotine 

CssHsaOjN 

Derosnc 

1803 

Narceine 

CfisHa^O gN 

Pelletier 

1S32 

Papaverine 


Merck 

1S4S 


Properties, 


‘Strong bases, 
■which are alka- 
line to litmus 
. and highly’ toxic. 
Feeble bases, 
which are but 
slightly toxic. 


The morphine molecule contains a phenolic and an alcoholic 
h^'droxyd group and is readily acetylated, forming diacetyl 
morphine {heroin). Codeine and thebaine are clasel3’" related 
to morphine as be seen an inspection of their formulae : 




OH 

1 — CH.OH 

i 

I— CHs 


Morpliine 


r— O.CO.CH 3 

J-^CH.O.CO.CHa 

1 ! 

CH, 

Diacetyl morphine 


* Heraii, TraiU de Mature Medicate, 

f Jermstad (1922), abstract in Y. B. Pharm., 1923, 20. The narcotine 
figure for the Persian is exceptionally high. The Macedonian sample con- 
tained 7-5 per cent, of water and the Persian 7*99 per cent. 

I RaksMt, Anedysi, 1921, 46 , 481. This -worker, -whose experience 
involves the assay of 3,000 samples a year, states that not a single bag of 
opium has t«en received during the past seven years {i.e. prior to 1921) 
which gave l^s than 7 per cent, of morphine. The h-ulk of them gave 8*5 
to 10-5 per cent., whilst a g<x^ quality showed 10*5 to 12*5 per cent 
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O.CH3 

I— C.0.CH3 

l—CH. 

Thebaine 

Xarcoime has no narcotic action and is therefore sometimes 
called anarcoiine. On hydroh'sis it yields opianic acid and a 
base, hydrocotamine, whilst on reduction it yields hydro- 
cotaniiiie and meconin. The latter substance is normally 
pr^ent in opium. 



-f H,0 = 

+ CisHisOjN 

Xarcotine 

Opianic acid 

Hydrocotamine 


2H = Ci,Hi„04 



ileconin 

Hydrocotamine 


Mecmtic acid is a dibasic acid of the formula 

(COOH)2,3H20. 

It is easily detected, either in the free state or as a meconate 
by the formation of a deep red colour on the addition of a 
solution of ferric chloride. As meconic acid is invariably 
found in opium and in no other drug its presence even in small 
quantity indicates the presence of opium. 

Tm^ for Opum Alkaloids. — ^Numerous tests for morphine and 
codeine salts are given in the Pharmacopoeia {q.v.). The 
solubility of morphine in sodium hydroxide solution is explained 
by its pheooMc nature. Codeine, on the other hand, is pre- 
cipitated by sodium hydroxide. 

The following test, due to Denig^ (1910), is useful for 
detecting moiphine in galenicals such as syrups : — To 10 ml. 
of the »!utioa to be tested add i ml. of 3 per cent, hydrogen 
peroxide, i ml. of 10 per cent, ammonia and a drop of copper 
sulphate (or stir with a copper wire) . If morphine be 

pr^ent a md colour is produced. 

Adiill^atkjffii. — Opium may be adulterated with sugary 
fruits, gum, |»wdered poppy capsules and other substances, 
too ntmierotis to mention. Valuable evideU’Ce as to^ purity may 
I* gained by micro^xypical examination combined with 
determinatioiis of moisture content, morphine content and the 
amounts of water-OTltiMe extxactive and ash. 

Marifimm Wnft, — When comparing the price of different 
<rf c^tnn a wmt of r per cent, of morphine per lb. is 




-O.CH3 

-CH.OH 


Codeine i^lethyl morphine) 
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often used, £.g. an opium assa\nng ii*5 per cent, of morpMne 
and selling at I2s. 6 d. per lb. is valued at approximately xs. id. 
per unit. 

Uses. ^Tbe alkaloids present in opium in greatest proportion 
decrease in narcotic properties in the order morphine, codeine, 
narcotine. Opium and morphine are widel^^ used to relieve 
pain and are particularly valuable as hypnotics as, unlike 
many other hypnotics, they act mainly on the sensor\" nerve 
cells of the cerebrum. Codeine is a milder sedative than 
morphine and is useful for alla>dng coughing. Both morphine 
and codeine decrease metabolism and the latter, particularly 
before the introduction of insulin, was used for the treatment 
of diabetes. Opium, while closely resembling morphine, 
exerts its action more slowly and is therefore preferable in 
many cases, e.g. in the treatment of diarrhoea. Opium is also 
used as a diaphoretic. 


SANGUINARI^ RHIZOMA 

Sanguinaria ; Bloodroot ; F. Sanguinaire ; O. Blutwurzel 


Source. — Bloodroot consists of the dried rhizomes and roots 
of Sanguinaria canadensis, a perennial herb widely distributed 
in the woods of North 


America. It should 
be collected during or 
immediately^ after 
flowering. 

Characters. — The 
drug consists of dark 
brown, more or less 
cydindrical pieces of 
rhizome, from 2 to 7 
cm. in length and 
from 5 to 25 mm. in 
diameter. Some of 
the pieces are branched 
and some show numer- 
ous wiry roots. The 
latter are, however, 
usually broken off in 
the commercial drug. 
The rhizome breaJks 



A C D 


Fig. 127 . — Sanguinaria canadensis. A, rhizome 
(natural size) ; B and C portions of a trans- 
verse section of the same ; D, a longitudinal 
section. i, outer bark ; 2, latex cells ; 3, 
phloem ; 4, xyiem. 


wdth a short fracture and, if not overheated during drying. 
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shows iiiiiiieroiis red dots (secretion cells) distributed 
througliout the starch-containing parench^'nia of the bark 
and large pith. If dried at too high a temperature the 
secretion escap€?s from its containing cells and the whole 
section assumes a deep red or brownish-red colour. A ring 
of small, yello’w, fibrovascular bundles lies about i m m , 
from the outside, i )dour, slight ; taste, acrid and bitter. 

Transverse and longitudinal sections examined under the 
microscope show that the latex cells are scattered or arranged 
in irregular chains throughout the parenchyma of the inner 
bark and pith. 

€oiistitiiemte. — Bloociroot contains the alkaloids sanguinarine 
{Dana* 1820) stud cheier>i:hrine (Probst, 1839) with smaller 
quantities of the alkaloids protopine and and y-homo- 
chelidoniiie. Beringer and Homerberg (1915) found 4-7 to 
7*0 |>er cent, of alkaloids in the rhizomes and about r*8 per 
cent, in the roots. Sanguinarine and chelerythrine, although 
themselves colourless, form red and 3'ellow salts respective^. 
The drug also contains red resin and starch. 

All the above alkaloids have been found in other members 
of the Papaveraceae, and like berberine and hydrastine are 
isoqtiinoline derivatives. Some of the alkaloids of opium, 
e.g. narcotine and papaverine, are also fsoquinoline derivatives. 
It will thus be seen that the orders Ranales and Rhoeadales 
contain numerous examples of alkaloids of this type. 

— Bloodroot is used in atonic dyspepsia and as an 
expectorant in bronchitis, etc. Large doses affect the heart 
and produce vomiting. 


Family 

A family of about 200 genera and 2,000 species ; usually 
herljs. The inflorescence is typically a raceme without bracts. 
The flowers are of the type, K2-f2, C2H-2, A24-4, G{2). 
The stamens are tetradynamous and the ovary is divided into 
two loculi by a replum uniting the two parietal placentas. 
The fruits are called siHquas when elongated, as in the waJl- 
iower and mustards, or siliculas when almost as broad as long, 
as in the shepherd’s purse and horseradish. 

Many members of the family contain glycosides which on 
hydrolysis peld ptingent volatile oils. Black mustard seeds 
SrassiCM nigta) and hoiiseraiiish root {Cochlearia A.TfHoraciu) , 
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for example, contain the glucoside sinigriii and an enzy^me, 
iiiyrosin, which brings about its decomposition as follows : — 

C3H3.X: C;SO^Kj.S.C^ HgO-^CsH^.XrC: CgHiaOg 

Sinigriii Allyl IVjtassiiim Glucose 

/sothio- hydrogen 

cyaiiate sulphate 

White mustard seeds contain the glucoside sinalbiii and 
myrosin which react }delding a pungent-tasting but almost 
odourless oil, the pungent principle acriiiyl fstdhiocyaiiate being 
much less volatile than allyl zsothiocyanate : — 

Smalbin Acrinyl Siiiapine Glucose 

i s ot liioc vanat e hydrogen 

sulphate 

Oils containing similar compounds to the above are obtained 
from the seeds of Brassica oleracea, B. rapa, B. napiiSy and 
B. jHHcea.* Raphanm sativus (radish) 
and Nasturiium officinale (watercress) 
yield mainlyphenyd ethyl isothiocyanate ; 

Lepidiitm saiivum (cress), benzyl iso- 
thiocyanate ; and Cochlearia officinalis 
(scurvy' grass) isobut3d isothiocyanate. 

The seeds of cruciferous weeds are 
frequently found in samples of linseed 
and, if present in quantity', may' give 
a pungent odour and taste to moistened 
linseed meal. 

My'rosin cells are widely distributed 
in the family^ and may be conveniently^ 
studied in the root of the radish. In 
shape they^ usually' show little differ- 
ence from the surrounding cells hut 
may^ be identified by their protein con- 
tents, which are coagulated by alcohol 
and stain red with !Millon's reagent. 

* The percentages of oil found in twenty-three -varieties of Brassica and 
Raphanus examined by Grimme (1912) -will be found in Parry’s Chemistry 
of Essential Oils, p. 496. In addition to the above-mentioned members of the 
Cmciferae, an oil contaming a^obutyl isothiocyaaate is obtained from the 
seeds of the nasturtium, Tropceolum majus (Order, Geraniaies ; Family, 
T ropaeolaceae | . 

25 



Fig. 12S. — Portion of a 
transverse section of 
a cotyledon of black 
mu staid, i , epidermis ; 
2, myrosin cell ; 3, 

vascular bundle. (After 
H^rail.) 
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Inxi't! tills are obtained from both black and white mnstard 

i-cls. Ra|ie <sr colza oil, which is widely used as a lubricant, 
is obtainei! from the seeds of B. rapa {B. campesfris), B. 
napa^, tmd other s|>ecies of Brassica. 

' Horseradish root, the root of Cochlearia Armoracia, which 
foriiierly odidal in the fresh state, consists of the rootstock 
am! The drug is yellowish or brownish externally and 

white arn! lleshy internally. The rootstock, which is about 
5 cm. in diameter, bears elongated leaf scars and show-s inter- 
nally a stem structure. The roots vaiy^ from i to 3 cm. in 
diameter. In transverse section they show a thick bark which 
is se|>arate(l from the wood by a distinct cambium. After 
staining with phkiroghicinol and hydrochloric acid the wood 
shows isolated groups of vessels, which are especially 
abundant near the cambium. The root is otherwise un- 
lignified. When scra|>ed a pungent odour and taste is 
i!evelo|ie€i. 

The root contains siiiigriii and myrosin and after crushing 
and moistening >ields about o*o6 per cent, of volatile oil 
containing ally! 2 so thiocyanate. 

Black mmtard consists of the seeds of Brassica nigra, a small 
annual cultivated in England and on the Continent. They^ 
are globular and from i to i*6 mm. in diameter. The testa 
is dark reddish -brovra and minutely pitted. The cells of the 
outer epidermis of the testa contain mucilage. The embryo 
is oily and greenish -yellow or y^ellow in colour ; it consists of 
two cotyledons folded along their midribs to enclose the 
radicle {i.e, orthoplocal, o>). Powdered mustard acquires 
a much brighter y-ellow colour on treatment with 
alkali. 

Black mustard seeds contain sinigrin and myrrosin and 
yield after maceration with water from. 0*7 to 1-3 per cent, of 
\’olatile oil. The latter contains over 90 per cent, of allyl 
iS4.4lii<xryanate. The seeds also contain about 27 per cent, of 
fixed oil, 30 per cent, of proteins, mucilage, and traces of 
stiiapine hydrogen sulphate (cf. white mustard). Ash, 4*2 to 
5-7 cent- 

WMte mustani, the seeds of S inapis alba, are globular in 
shape and from 1-5 to 2*5 mm. in diameter. The testa is 
y’ellowish and almost smooth, and contains mucilage iu its 
outer cpidemial cells. The kernel is o-ily and the cotyledons 
are foMed as in Mack mustard. On treatment with water the 
powder develops a pungent taste but the p^ungent odour of 
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the black variety is absent. 'With alkali the jiowcler acquires 
a bright yellow colour. 

White mustard seeds contain the glucoside siiialbiii and 



Fig. 129. — ^A, fruit of black mustard ; B, fruit of white mustard ; C, seed 
of black mustard in transverse section ; D, section of seed cfeat of wliite 
iiuistaid examined in glycerin ; E, the same with the outer part of a 
cotyl«lon after a short lulling in chloral hydrate solution, i, vascular 
bundles of cotyledons; 2, radicle; mucilage cells; 4, giant cells; 
5, Mderenchymatous cells ; 6, aleurone layer ; 7, cotyledon, (After 

Timms, Hmm^mch der Pkarmmzie,) 
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mymsm. In the presence of moisture decomposition takes 
place with tlie foriiiation of acriiiyl isotliiocyaiiate, sinapine 
iiydrotteii sulphate and i^lucose. Acrinyl z'sotMocyanate is an 
oily liquid having a pungent taste and rubefacient properties 
but, owing to its slight volatility, it lacks the pungent odour 
of ally! is^thiocyaiiate. Sinapine hydrogen sulphate, which 
is also found in black mustard, is the salt of an unstable 
alkaloid. The seeds also contain about 30 per cent, of fixed 
oil, 25 per cent, of proteins, and mucilage. Ash about 4 per 
cent. 

The mustards are used, particularly in the form of 
plasters, as rubefacients and counter-irritants. In large doses 
they have an emetic action. Both varieties are used as 

ccindimeiits. 


Order PARIETALES 

An order containing ten families, of which the Violaceae is 
the one best known in Britain. 

Damiana consists of the dried leaves of T iirnera diffusa, v'ar. 
apkrfjdisiaca ^Fani. Tumeracea?), and probably other^ species 
of Turnem. The drug is collected in Texas and Mexico. The 
leaves are yidlowish-green to green in colour, broadly lanceolate, 
shortly |>etrolate, and 10 to 25 mm. long; margin with 3 to 6 
teeth on each side ; veins pinnate and prominent on the low^er 
surface. The drag usually contains some of the reddish-brown, 
cylindrical twigs, dowsers, and spherical fruits. Damiana has 
an aromatic c^our and taste. It contains 0*5 to i-o per cent, 
of volatile oil ; a brown amorphous substance, damianin, 
resins and gum. 


Families BKAdLaB and PIACOimTIACOELffil 

The family Bixace« is now^ limited to a single species, Bixa 
wciiiwm, the red seeds of which yield the red colouring matter, 
aniiatto. The plants described below, although formerly 
placed in the Bixaceae, are now regarded as members of the 
Flacourtiac^, a tropical family of about 50a species, most of 
wMch are w<x>dy. 
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OLEUM HYDNOCARPI 

Oleum Hydnocarpi, B.P. ; Hydnocarpiis Oil 

Source. — Hydiiocarpus oil is a fatty oil obtained by cold 
expression from the fresh, ripe seeds of Hydnocarpus Wight iana 
Bliime. 

Characters. — ^I'he official substance is a yellowish oiler cream- 
coloured fat according to the temperature at which it 
is kept. For the ph^’sical and chemical constants, see the 
Pharmacopoeia . 

Constituents. — Hydiiocar|)us oil contains chaulmoogric 
acid, CigHs^Oo, hydnocarpic acid, C 1^112802, taraktogenic acid 
and zsogadoleic acid. Chaulmoogric and hydnocarpic acids 
are dextrorotatoiy and unsaturated. Both hydnocarpus oil 
and the ethyl esters of chaulmoogric and hydnocarpic acids 
are used, with good results, in the treatment of leprosy’. The 
oil is also used for psoriasis and rheumatism. 

Allied Drugs. — The oils of Hydnocarpus anthelmintica and 
Tarakiogenos Kurzii have also been used for leprosy. 


Family CANELLACOELaE (WINTEEANACEiE) 

A faniiB" closely related to the Flacourtiacese. 


CANELL.^ CORTEX 

Canellu Bark, White or Wild Cinnamon , False Winters 
Bark ; F. Canelle Blanche : G. Zintffd 

Source- — Canella bark is the dried rossed bark of CanMa 
W inter mia Linn. (Canella alba Murr.), a small tree growing in 
the Bahama Islands and Florida. The bark is beaten while 
on the tree to loosen it and to remove the grey cork. After 
collection, it is dried in the shade. 

Characteis. — Canella occurs in quills or channelled pieces 
of very variable size but usually from i to 5 cm. in length, 
I to 3 cm. in width, and 2 to 5 mm. in thickness. The outer 
surface is of a light, orange-brown colour, somewhat scaly, and 
shows circuiar or oval depressed scars (Fig. 130)- The inner 
surface is paler in colour and shows a few coarse striations. 
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Odour. art>iiiatii\ ver>' aromatic when burnt; taste, 

aromatic and somewhat bitter. 

The bark breaks with a short 
granular fracture. A prepared 
transverse section shows isolated 
patches of cork, a phelloderm of 
sclerenchymatoiis cells, a paren- 
chymatous cortex containing oil 
cells and rosette cry^stals of 
calcium oxalate. The wavy 
medullar^^ rays are white, since 
each cell contains a rosette cry^stal 
of calcium oxalate. Oil cells 
occur in the phloem but there are 
no bast fibres. 

Constituents. — Canella contains 
about 0*75 to 1*25 per cent, of 
volatile oil. An analysis by Frey 
gave volatile oil 1*28 per cent., 
resin 8*2 per cent., mannite 8 
per cent,, ash 8-9 per cent. The 
oil contains eugenol, cineole, 
pinene, and cary^ophyllene. 

Uses. — Canella is an ingre- 
dient of the familiar remedy, 
Hiera Picra |Pul\is Aloes et Canellse B.P.C.). The negroes 
use canella as a condiment. 

Order CUCURBITALES 

An order comprising the families Cucurhitaceae and 

Begoniacea?- 

Family CUCURBITACEiaB 

Genera about 100 ; species about 80a. Herbs climbing by 
means of tendrils, e.g. Bryonia, or prostrate, e.g. Ecballium. 
The lowers are generally unisexual, e.g. Bryonia and Citrullus, 
r^ular and f^iitauiexous, except in the gynoecium where the 
carpels are reduced to three. The fruit is of the fleshy type 
in the garden cucumber and colocynth in which the 
placente enlarge greatly and become bi&d. Seeds numerous^ 
and exalhuminotis. The straight emhryo usually contains 
fixed oil. 
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3fost members of the family possess bicollateral bundles 
and certain ones show anomalous root structure. of the 

latter is the br\-ony, Bryonia dioica, in which “ cambial tissue is 
formed around individual groups of secondary vessels belonging 
to the wood of the root ; this tissue produces xylem (without 
vessels) towards the centre, and phloem to the side away from 
the centre of the group of vessels concerned ; hence concentric 
vascular bundles are formed in the wood.” 

It is worthy of note that the drugs described below, namely, 
biy'ony root, colocynth, and elaterium, are all used as purgatives. 
Melon pumpkin seeds, which were formerly credited with 
similar properties, are no longer used. 

Bryony root is the root 
of Bryonia dioica, a 
climbing plant which is 
common in English 
hedges. It attains a large 
size, being frequently 50 
cm. long and from 10 to 
15 cm. in diameter at the 
crown. When fresh it has 
a disagreeable odour and 
acrid taste. The dried 
drug is usually in the form 
of transverse slices which 
are seldom more than 6 
cm. in diameter. The^^ 
have a thin, gre>rish cork 
and whitish wood. The 
latter is somewhat radiate 
and shows distinct concentric rings (Fig. 131). As mentioned 
above, concentric vascular bundles are to be found on micro- 
scopical examination. 

Bryony root contains purgative principles, the chief of 
which appears to reside in the dark brown resin, biy^oresin. 
The work of Power and Moore (1911) indicates the presence 
of an alkaloid and a glycoside. These are said to have no 
purgative action, hut a second glyceride ( J ensen ,1915), although 
non-purgative, acts on the central nervous system. 



Fig. 13 1, — Bryony root (Xewman). 



3112 


PHARMACOGNOS 1 


COLOCYNTHIDIS FRUCTUS 

CA-’cvrJk, Colocynth Pulp, Bitter Apple ; 
F. Friiii lie Coimptinie ; G. Koloquinthcn 

&3mrce* — Cfilfxryiitli is tlie dried pulp of the fruit of Citrulliis 
r* / j’, Schrader, an animal or perennial herb found from 
Iiidiji to the W'est Coast of Africa and from the Bquator to 
Southern Europe. <Jur supplies are mainh" derived from Syria, 
Cyprus, the Aiigio-Elgyptian Sudan and FTorth Africa. 

CoUecdon and ¥arieties. — The drug is obtained from both 
wild and cultivated plants. Flowering takes place from May 
to x\ugust. Ill the case of “Turkey- colocynth (Syria and 
Cyprus), which is usually of good quality, the fruits are collected 
in the autumn when the3’ begin to turn yellow^ They are 
peeled with a knife and dried in the sun or by artificial heat. 

colcxTynth |Aiiglo-Eg>’ptian Sudan) is frequently 
broken and the seeds have been more or less complete!}'" 
removed and the pulp compressed. Spanish colocynth is 
usually of a darker colour than the above and contains a high 
proportion of seeds. The unpeeled Mogadore colocynth, at 
one time commonly seen in pharmacies, is now rarely imported. 

History. — Colocynth was well knowm to the Greeks and 
Romans, both Dioscorides and Pliny being familiar with it. 
The drug was equally well knovcn to the Arabian physicians 
and was prcduc^ in Cyprus and Spain during the Middle 
Ages. It is mentioned in an Anglo-Saxon herbal of the eleventh 
ceiituiy’. 

Characters. — The fruits resemble a small apple in size and 
shape. The un peeled Mogadore fruits are covered with a 
yellowish-browm rind. The peeled fruits are from 4 to 7 cm. 
in diameter and show occasional small patches of imperfectly 
removed rind. The drug as imported may consist of whole 
apples *’ or of broken fragments with or without seeds. 
The pulp is white or pale yellowish- wEite in colour and very 
HgM in weight. It is odourless but has an intensely bitter 
taste. The seeds, if not removed, number from 200 to 300 
in each fmit and form about 70 per cent, of the total weight. 
The official drug, howrever, consists of the dried pulp containing 
not more than 5 per cent, of the seeds and not more than 2 per 
cent, of the outer, sclerenchymatous part of the pericarp. 
It is, therefore, convenient to study in turn the rind, the pulp, 
and the se^s. For powder, see p. 97. 
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Coloc3mtii rind (Fig. 133, B) in transverse section shows an 
epidermis the outer tangential and radial walls of wdiich are 
strongly thickened ; a number of rows cjf colleiicliyma and 



Fig. 132. — C4irulius Colo'Cynihis. A, stem bearing a leaf with w'hich are 
associated a male flower, a lateral branch, and a branch te^ndril ; 13 , male 
flower cut open ; of the five stamens four are joined in two pairs and one 
(the central I is distinct ; C, one pair of stamens ; D, female flower in 
vertical section ; E, ovary in transverse section ; F, fruit ; G, seed ; 
H, same cut lengthwise. (From Rendle’s Ciassi/icafion of Flowering 
Fiamts,) 

pareiicl]i5.T3ia ; and several rows of sclerenchymatous cells- 
WitMn th^e is a parench3nnatO'US zone which passes imper- 
ceptibly into the pulp. 

Colocsjuth ptilp (Fig. 133, C), which consists very largely of 
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almost deToid of contents and the pulp contains neitlier starcli 
iior calcium oxalate. In those parts of the cell wall which are 
common to two cells pitted areas are found. Rii lining through 
the pith are small, bicollateral bundles with spiral tracheae. 
Accompanying the pliloem are secretory* elements (the iclio- 
blasts of Brmmer), which are said to contain coloc3*nthiii 
and w'hich give a red colour wdth sul^jiiuric acid. 

Colocynth seeds (Fig. 132, G and H) are from 6 to 8 mm. in 
length and of a flattened ovoid shape. The}' var^' in colour 
from pale >’ellow' (unripe seeds) to dark brown (ripe seeds). 
The enibr}'o is straight and contains abundant oil and aleurone. 
There is practically no endosperm. A section through the 
seed (Fig. 133, D) shows an outer membrane (said to be the 
innermost region of the pulp) and an epidermis the inner 
tangential w'alls of wdiich der'elop bar-like thickenings as the 
seed ripens. In immature seeds, which form a high proportion 
of those usualh' found, these thickenings are but little 
developed. Within the epidermis is a many-layered region of 
sclerenchymatous cells, which increase in size towards the 
interior ; and a narrow zone of reticulated cells and 
parench^’ma. The kernel is bounded by a layer of collapsed 
cells which with the first layer of parench}’nia within it con- 
stitute the endosperm. The cotyledons consist of thin- wailed 
cells containing numerous oil globules and aleurone grains about 
3 to 5jtx ill diameter. Ripe seeds contain no starch and calcium 
oxalate is absent. 

Constituents. — Walz (1858) and other early workers attri- 
buted the purgative action of colocynth to a glycoside called 
“ colocymthin.'’ According to Powder and Moore (191a), 
however, the purgative action is due partly' to an amorphous 
alkaloid and partly to an amoarphous resin. The former 
mixed witli a crystalline alcohol, citrullol, appears to be the 
** colocynthin of earlier workers. The drug also con- 
tains the phy'sioiogically inactive a-elaterin (see Rlateriiim, 
p. 39 ^). 

The quality of colocynth may be judged by” microscopical 
examiiiation together with determinations of acid-insoluble 
ash, and the percentage of extractive yielded to solvents. 
Alcohol per cent.) extractive 20*4 to 31*8 per cent.’^ The 
seeds yidd from 15 to 17 per cent, of oil to light petroleum, 
while the pure pulp yields less than i per cent, (official limit, 
3 per cent.). Commercial samples of colocynth yield about 
♦ Smcit, y, B, Pharm., i03'O. 433* 
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1 to is per cent, of acid -insoluble ash. (B.P. “ acid-insoluble 
ash not more than N per cent.”). 

Us^.~--Coloey!ith is a Ter>' powerful hydragogue cathartic, 
c iwiiig to its i^dTrlnc: effect it is rarely prescribed alone. It 
should ahvays be administered in a finely divided condition. 

ELATERIUM 

Eimlerii ; Eiaierium ; F. Elaterion ; G. Elaterium 

Source.— Elateriuin is a sediment which is deposited on 
standing by the juice of the squirting cucumber. Ecballium 
Elaierium. A little is produced in England, but Malta is the 

chief source of the drug. 

History. — Elaterium is still t>y the method 

described by Ihoscorides. The drug was last official in 
Britain in the P::nr::m j- c. mb: of 1898. Its variable quality has 
favoured its replacement by “ elaterin (see below), which is 
official in many x>harniacopceias. 

Collection and Preparation. — ^The plant produces oval, hairy 
fruits about 4 cm. in length. If allow’ed to ripen the juice 
and seeds are ejected \\*ith great force through an opening in 
the base. The fruits axe therefore collected while unripe, 
sliceil and gently pressed. On standing a sediment is deposited 
from the juice. This is collected on calico and dried at a low 
temperature. The yield is very' small. 

Characters. — Elaterium occurs in small, curv^ed strips of a 
pale greenish or greyish colour. Marks of the calico on which 
it has been dried may usually be seen. The fractured surface 
shows minute cry’stals. Odour, slight ; taste, bitter and acrid. 

Constitmente. — By extracting elaterium with boiling alcohol, 
rreefpitating with water, and recrystallising the precipitate 
frc ii: alcohol a mixture of ciy'stalline substances, known as 
** elateiin,” is obtained. Good English elaterium yields from 
20 to 26 per cent., and Maltese about 14 to 17 per cent, of 
elaterin. 

Pow'er and Moore J from an alcoholic extract of the fresh 
fruit isolated G-elateiin (/-rotatory and physiolo'gically inactive), 
^-eiaterin {^-rotator}" and purgative) , a hydrocarbon, a 
phytcwterol, alcohols, fatty acids, and resin. Com- 

mercial elmierin contains some ^ to 80 per cent, of the inactive 
ct -elaterin, but is a more reliable preparation than elaterium, 

* Power and Mnore, Tmns. Chem. So^c., 1909, 95 , 1985. 
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which is often adulterated with chalk or starch, hdateriiiiii 
should not ^deld more than 8 per cent, of ash. 

Uses. — Elateriimi, like colocynth, is a powerful liydragogue 
cathartic. 


Order GUTTIFERALES 

An order of six families including the Ternstrcemiacese, 
Guttiferse, and Dipterocarpacese. In the Temstrcemiaceae may 
be mentioned the genus Thea, from the leaves of which tea 
and caffeine are prepared. The Diperocarpaceae includes 
Dipierocarpus iurbifiaius, the source of gurjun balsam (a 
copaiba adulterant), and various species of Shorea, Ho pea, and 
Bahtnocarpus, which yield dammar resin. 


Family GIETTIFEEtffi 

Genera 45 ; species about 900. Usually evergreen shrubs, 
lianes, or trees. Represented in Britain by the herb St. 
John’s Wort, Hypericum perforatum. Schizogenous secretory 
canals are commonly present in the primary cortex and pith, 
and sometimes also in the phloem (e.g. Garcmia) of the stems. 
Similar secretor>" organs occur in the leaves. 

CAMBOGIA 

Gamboge ; F. Gommc-giitte dc Siam ; G. GummiguU 

Source. — Gamboge is a gum-resin obtained from Garcmia 
Hamburii Hook. f. (G. morella var. pedicellata HanbuT^"), a tree 
10 to 15 metres in height which is indigenous to Cambcniia, 
Eastern Siam, and Cochin China. The drug is exported from 
Saigon and Bangkok and passes via Singapore to Europe. 

Collection and Prepara^on. — ^Xhe bark contains secretory 
ducts in the cortex and phloem which are connected one to 
another at the nodes ; secretory- cavities are also present. 
These are filled with a yellow, resinous emulsion. Immediately 
after the rainy season, i.e. from Januaiy^ to May, spiral incisions 
are made in the bark, 2 to 3 mm. deep and extending from the 
lower branches to the base of the trunk. The liquid is collected 
in the intemode of a large bamboo. When sufficient has been 
collected it is poured into smaller bamboos in which it solidifies 

♦ Soleretier, p. 124. 





FHJRMACOGXOSy 


ill alnmi a iiioiitli. The bamboos are then heated until they 
crark. and the ^anihoge is removed. The drug is bought up 
by native aillectors and sent to Saigon or Bangkok. 

Characters. — Gambtige occurs in rolls 15 to 20 cm. long and 
3 to 6 cm. ill diameter, or in cakes. The former variety, pipe 
gamboge, is preferred. The surface, which is brownish- 
orange in colour, is frequently covered with a greenish-yellow 
poivder and bears longitudinal striations formed by contact 
with the fibres of the bamboo. Gamboge breaks with a 
conchoiclal fracture and shows a dull, waxy interior in which 
a cavity is sometimes present. 

Gamboge is a typical gum-resin and when triturated with 
water or rubbed with a moistened finger it forms a yellow 
emulsion. The latter on treatment with ammonia clears and 
turns orange-red. Tump gamboge is often less pure than the 
l>ipe form and its siirface frequently shows the impression of 
the leaves in which it is wrapped. 

The purit>' of the drug may be judged hy the fact that it 
should give no blue colour when treated with solution of 
iodine, and when treated with chloral hydrate solution (or 
alternate applications of alcohol and water) it should leave 
only a few particles of vegetable debris. 

Constitiimts. — Good gamboge contains from 70 to 80 per 
cent, of resin (cambogic acid) and from 15 to 25 per cent, of 
water-soluble gum with which is associated an oxydase 
erizyme. The resin is soluble in organic solvents and alkaline 
solutions ; it has an acrid taste. From it have been isolated 
a-, and y-garcinolic acids, 

Bses. — Gamboge is employed to a limited extent, and usually 
in conibination with other drugs, as a hydragogue cathartic. 

It is also used as a pigment. 


Order MAL VALES 

An order consisting of the families Tiliaceae, Malvaceae, 
Bombacese, and Sterculiaceae. Species of Corchorus (Tiliaceae) 
yield Jute (p. 140). Kapok, which consists of the lignified 
haiirs which siuroiind the seeds of certain Indian specie of 
B^mbmx f’Boiiibac«e|, is used in life-belts, and as a substitute 
for non-at^rhcnt cotton wool. 
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Family MAL-VACEiE 

A fainiK’ wMcli consists of about 50 genera ami 
It is represented in Britain by the genera Lavaiem,' 

Aliha^a. The marshmallow and cotton plants (p, 'izq) are 
typical members of the family. 


ALTHEA RADIX 

Marshmallow Root ; F. Racine de Gidmativc ; G. Ehischwurzel 

Source. — ^^larshmallow toot is derived from Althwii ojfici Halts, 
a perennial herb which is found wild in moist situations in 
southern England and Europe. In general appearance it 
closeh’ resembles the common hollyhock, Althaea rosea. The 
plant has a woody rootstock from which arise numerous 
roots up to 30 cm. in length. The drug is chiefly collected on 
the Continent from plants at least two years old. The roots 
are dug up in the autumn, scraped free from cork and dried, 
either entire or after slicing. 

Characters. — The drag occurs in w’hitish, fibrous pieces about 
15 to 20 cm. long and i to 2 cm. in diameter, or in small 
transverse slices. Odour, slight ; taste, sweetish and 
mucilaginous. 

A transverse section shows a bark about i to 2 mm. thick, 
winch is separated by a greyish, sinuate cambium from the 
white, radiate wood. The section shows numerous mucilage 
cells the contents of which are coloured a deep yellow by a 
solution of sodium hydroxide. This test may be applied 
direct to the root or to an infusion made with cold water. 

Constituente. — ^^larshmallow root contains from 25 to 35 
per cent, of mucilage, a similar quantity of starch, pectin, and 
sugars, and about 2 per cent, of asparagine. The latter, which is 
the amide of aspartic (aminosuccinic) acid, is also found in 
asparagus, potatoes, liquorice, etc. It has no therapeutic value. 

Us^. — Marshmallow root, and also the leaves, are used as 
demulcents- 


OLEUM GOSSYPII SEMINIS 

Oleum Gossypii Seminis, B.P. ; Cotton Seed Oil ; 

F- Hfiile de Semences de Coion ; G. BamnwoUsamen&l 
Source. — Cotton seed oil is expressed in America and Europe. 
In this country Eg3^tiaG and Indian cotton seed, which do 
not require d^inting on arrival, are largely used. 
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Preparation.-— Tile preparation of cotton seed oil is described 
on p. Tiie process is one of hot expression and a pressure 
of about 1,500 lb. per sq. in, is used. The crude oil is thick 
anil turbid' and is refined in various v^a^^s, that known as 
winter bleached ” being the best of the refined grades. 

Characters. — Cotton seed oil is a semi“dr>dng oil and has a 
fairly liigli iodine value, namely, 103 to 115. When used to 
adulterate other oils its presence ma3’ be detected by the test 
described in the I%armacop€eia. 


GOSSyPII RADICIS CORTEX 

CoUon Root Bark ; F. jScorce dc la Racine de Conionier ; 

G. Baumu.'ollAV nr zelrinde 

Cotton rcx>t bark is obtained from various species ot 
Gossypium, It occurs in flexible strips up to 30 cm. in length 
and about i mm. in thickness. The outer surface is orange- 
bromm and bears rootlets. The inner surface is light brown 
and striated. Odour, slight ; taste, acrid and astringent. 

Resin cells are found in the phloem. The hark yields 
about 10 per cent, of purplish resin and a small amount of 
volatile oil. It has been recommended as a substitute for 
ergot, but Scott (1911) and Eckler (1920) are agreed that it has 
only a Ter3' slight ergot-like action on the uterus. 

Family CTERCTlJLIACEiaE 

A tropical family" of 58 genera and about 660 species. Of 
medicinal importance are the seeds of Theobroma Cacao, the 
^eds of various species of Cola, and the gum obtained from 
various species of SiercnMa (see tragacanth adulterants). 


THEOBROMATIS SEMINA 

r#rofi Seeds, Cocoa Beans ; F. Semence de Cacao ; 

G. Kmkaosafnen 

Sounre. — Ccxroa seeds are obtained from Theobroma Cacao, 
a tree usually 4 to 6 metr^ in height. Cocoa is produced in 
South America (Ecuador, Colombia, Brazil, Venezuela, and 
Guiaiial, Central America, the West Indies, West Africa 
{Nigeria and the 'Gold Coast), Ceylon, and Java. 
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History. — Cocoa has long been nsec! in ^lexico ant! was 
known to Cokimbns and Cortes. Cocoa butter was prepared 
as early as 1695. 

Collection and Preparation. — Cocoa fruits are 15 to 25 cm. 
long, and are borne on the trunk as well as on the branches. 
Collection continues throughout the year, but the largest quan- 
tities are obtained in the spring and autumn. The fruits have 
a thick, coriaceous rind, and whitish pulp in which from forty 
to fifty seeds are embedded. In different countries the seeds 
are prepared in different ways, but the following may be taken 



Fig, 134- — Stirring cacao beans m fermenting Dins, txoia 
Imperial Institute Collection . ) 




as typical The fruits are opened and the seeds, embedded in 
the whole pulp or roughly separated from it, are allowed to 
ferment. Fermentation occurs in tubs, boxes, or in cavities in 
the earth. The process lasts from tliree to nine days, a.nd the 

temperature is not allowed to rise above 60 . In Jamaica fer- 
mentation is allowed to proceed for three days at a temperature 
of from 30° to 43°. During this process a liquid drains from 
the seeds, which change in colour from white or red to purple, 
and also acquire a difierent odour and taste. After fermente- 
tion the seeds may or may not be washed. They are then 
26 
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roasted at to 140-, when they lose water and acetic acid, 
ant! acquire their characteristic odour and taste. Roasting 
facilitates removal of the testa. The seeds are cooled as 
rapidly as jm^sible and the testa removed bv- a “nibbling'^ 
niacliiiie. The nibs or kernels are separated from the husk 
by Sometimes the seeds are simply dried in the 

sun, but these are not esteemed as they have an astringent and 
bitter taste. 

Pimin or biiiir chocolate is a mixture of ground cocoa nibs 
with sucrose, cocoa butter and flavouring. Milk chocolate 
contains in addition milk powder. Although chocolate con- 
tains from 40 to 6ci p>er cent, of sugar, the amount of extra 
cocoa butter added is sufficient to give the product a fat- 
content of 20 to 40 per cent. 

C€€oa poti'ier is obtained by pressing out a portion of the 
cocoa butter from the roasted and shelled seeds. It usually 
contains rather more fat than breakfast cocoa, which contains 
not less than 22 per cent. 

Macroscapical Characters. — Cocoa seeds are flattened ovoid 
ill shaf:^. 2 to 3 cm. long and 1*5 cm. wide. The thin testa is 
easily removed from prepared cocoa beans, but is difficult to 
remove from those which have not been fermented and roasted. 
The embrc’o is surrounded by a thin membrane of endosperm. 
The cotyledons, ■which form the greater part of the kernel 
are plano-convex and irregularly folded. Each shows on 
its plane face three large furrows, which account for the 
readiness with which the kernel breaks into angular frag- 
ments. Both testa and kernel are of a reddish-brown colour, 
which varies, ho^wever, in different commercial varieties and 
defends on the formation of "cacao-red " during fermenta- 
tion and roasting. 

MiCTMcopicaJ C&aracters.^ — Under the microscope the outer 
surface of the testa show’s the hyphse of fungi and yeast cells 
(develo|»d during fermentation) and sometimes earth. Among 
the micrciscopical characters of the testa may be mentioned a 
regular layer of sclerenehyinatous cells and very large, mucilage- 
«»iitaiiiing cels. The cotyl^ons consist mainly of thin- walled 
parenchyma containing abundant fat, cacao-red and minute 
starch grains. The detection of husk in powdered cocoa is 
important. Wasiefcy (1915) claims that as little as i per 

* AcctmMmg to Adam, J matysi, 1928, 53 , 369, cacao-red is a mixture of a 
catecMis, a catecka tannin, amd a compound of cat^Mix with caffeine. 
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cent, of husk is detectable by means of a fluorescence iiiicro- 
seo|>€. This is confirmed by Griindsteidl 

Constituenfe. — Cocoa kernels contain o-q to 3*0 per cent, 
of theobromine and the husks o-i^i to 2-98 per cent, of this 
alkaloid. The seeds also contain 0*05 to 0*36 per cent, of 
caffeine, cocoa fat or butter {nibs 45 to 53 per cent., husk 
4 to 8 per cent.), “ cacao-red ” (3 to 5 percent.), sugars (about 
2*5 per cent.), and traces of volatile oil. 

During the fermentation and roasting much of the 
theobromine originally present in the kernel passes into the 
husk. It seems possible that the theobromine is pre^nt in 
the fresh seed as an unstable theobromine-tannin glycoside. 
According to Schweitzer {1898) the fresh seeds contain a 
glycoside “ cacaonin * which decomposes during the processes 
of fermentation and roasting, the alkaloids and “ cacao red 
being produced at the same time. Although alkaloids may be 
extracted from unfemiented seeds, it is possible that some 
decomposition takes place during extraction . 

Theohromine is produced on the commercial scale from 
cocoa husks, the annual production of which is estimated at 
36,000 tons. The process consists of decocting the husks with 
water, filtering, precipitating tannin '' with lead acetate, 
filtering, removing excess of lead and evaporating to diymess. 
Theobromine is extracted from the residue by means of 
alcohol and purified hy recr>"stallisation from water. 

Theobromine is 3 : 7-dimethylxanthine, €5112(0113) 2O2N4, 
the lo'wer homologue of caffeine (trimethylxanthine). It is 
isomeric with theophylline (i ; 3-dimethylxanthine) , which 
occurs in small quantities in tea. Theobromine crystallises in 
white rhombic needles. It gives the murexide reaction (see 
p. 32), and may be distinguished from caffeine hy the fact 
that it is precipitated from a dilute nitric acid solution by 
silver nitrate. Theobromine sublimes at 220°, caffeine at 
178® to 

Oil of Theobroma may be obtained from the ground nibs 
b3" hot expre^ion. The oil is filtered and allowed to set in 
moulds. Cocoa butter, as it is commonly termed, consists of the 
glycerides of stearic, palmitic, arachic, oleic, and other acids. 
These acids are combined with glycerol partly in the usual 
wsLj as triglyceride and partly as mixed glycerides in which the 
glycerol is attached to more than one of the acids. . It may be 

♦ A siiBilax salDstayace was i^iated by Reiitter {1913} wader the aaaae of 
cacayiHiiie.’* 
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adiiltcrati'd mitli waxes, stearin coco-nut stearin), animal 
tallows, or ve^^etable tallows U\g. from seeds of Bassia longifolia 
and schiftm). For the characters and tests for 

purity of oil of tbeobroma, see the Pharmacopoeia. 

Uses.—Cocoa lias nutritive, stimulant, and diuretic pro- 
fierties. Tlieobromiiie is used as a diuretic. It has less action 
on the central nem’oiis system than caffeine but is more 
ditiretic. In its isomer theophylline the diuretic eflEect is even 
more marked. (Jil of theobroma is used in pharmacy chiefly 
as a su|>pository base. 

Bnigs.- — Kola seeds {Bissy or Gooroo nuts; F. Noix de 
(sounm, ('life du Simian : G. Kolanitss), Commercial kola 
consists of the dried cotyledons of the seeds of \-arious species 
of C(da, trees found in \\>st Africa, the West Indies, Brazil, 
and Java. The colour of the fresh seeds v'aries, those of 
Cola mcuminatii being white or crimson, C. astrophora red, 
C. alba white, and C. vera (which is possibly a hybrid of the two 
latter species) either red or white. The dried cotyledons are 
usually of a dull, reddish-brown colour and more or less 
broken. They are usually graded as '' halves and 
“ quarters." The whole seeds are 2 to 5 cm. in length and in 
the seeds usually imported there are two cotyledons. 

( Jdotixless. Taste, slightly astringent. 

Kola seeds contain caffeine (i to 2*5 per cent.) and a little 
theobromine, which appear to be partly in the free state and 
partly combined. According to Knebel (1892), the fresh seeds 
contain a glycoside, “ kolanin," w’hich splits up into caffeine, 
glucose and “kola- red/’ Sterilisation of the seeds, although 
it inhibits the formation of kola red and destroys an enzyme 
which is present, does not interfere with the liberation of the 
alkaloid and the presence of a caffeine-tannin glycoside cannot 
bwe regarded as proved. Goris and Chevalier {1908) isolated 
from the fresh seeds a phenolic substance kolatin, which yielded 
kola-red on oxidation. In 1911 Goris detected a second 
phenolic sutetance which he named kolatein. 

Guarana {PmsXa Guarana or Brazilian cocoa) is a dried paste 
prepared mainly from the seeds of Paullinia Cup ana Kunth 
(P. sorUlis Martins). The seeds are collected from wild or 
cmlll rated plants in the tipper Amazon basin by members of 
the Guaranis trit«. The kernels are roughly separated from 
the shell, broken and made into a paste with water, starch 
and other satetances being frequently added. The paste is 
then made into suitable shapes and dried in the sun or over fires. 
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Tlie drug usually occurs in cylindrical rolls lo to 30 cm. 
long and 2-5 to 4 cm. in diameter. Portions of broken seed 
project from the dark chocolate-brown cjiiter surface. Wlien 
broken, similar fragments project from the fractured surface. 
The drag has 110 marked odour but an astringent bitter taste. 

Guaraiia contains 2*5 to 5*0 per cent, of caffeine, “ giiarana 
red,” and other constituents resembling, as far as is known, 
those of cola and cocoa. Guaratia resembles tea and coffee 
in its action and the powder grated from the masses is used 
in South America with water to make a drink. 

Ctoffee consists of the seeds of Coffea arabica and other species 
of Coffea (Fam. Rubiacese). It contains caffeine (i to 1-3 per 
cent.), tannin and chlorogenic or cafiFeotannic acid (see p. 673), 
fat, sugars, and pentosans. For a fuller account of coffee, 
see Allen's Commercial Organic Analysis. 

Tea consists of the prepared leaves of Tkea sinensis Tion. 
(Cameiiia Tkea Tink.), a shrub belonging to theTenistroemiacea? 
which is cultivated in India, Ceylon, China, and Japan. The 
leaves contain thease, an enzymic mixture containing an 
oxydase, which partly converts the phlobataiinin into phlo- 
baphene. This oxc’dase may be destroyed by steaming for 
thirty’ seconds. Tea contains from i to 5 per cent, of caffeine 
and from 10 to 24 per cent, of tannin. It also contains small 
quantities of theobromine, theophylline, and volatile oil. 

Mate, the leaves of Ilex paraguensis (Fam. Aquifoliacese), 
and Cassina, the leaves of Ilex Cassine, contain o-2 to 2*0 per 
cent, and i to 1*65 |>er cent, of caffeine resi>e<rtively. For a 
description of mate, see p. 445. 


Order TRICOCC^ 

An order comprising the Euphorbiacese and two other 
families in which the flowers are usually unisexual and the 
ovary tricarpellary and trilocular. 

Family EUPHORBIACELffi 

The Euphorbiaceae consists of about 22a genera and 4,000 
sf^cies. British representatives belong to the genera 
Euphorbia and MercuriaUs. Medicinal and other products 
indude castor and croton oils, cascariEa bark, euphorbium, 
Brazilian arrowrewt (which is obtained from the tuberous 
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roots of Manihoi uiiiissima), kamala (which consists of the 
glandular hairs of the fruits of Maiioius pMhppinensis) , and 
caoiitcliouc. Caoutchouc, although obtained from several 
families, is largely prepared from members of the Euphorbiaceas, 
viz. from various species of Hcvca (Para rubber), Manihot 
{Ceara nibberl, and Supium, 

Among the anatomical characters of the family may be 
mentioned the presence of latex cells, e.g. Eiiphorhium and 
likinus, latex vessels, e.g. Hevea, and secretory cells, e.g. 
Criion. Cork arises in the outermost layer of the primary 
cortex, and the bark often contains the secretory cells referred 
to above, e.g. cascarilla bark. 


OLEUM RICINI 

Oleum Rieini^ B.P. ; Casior Gil, Cold Drawn Castor Oil ; 

F. Huiie de Ricin ; G. Riciniisdl 

Source. — Castor oil is a fixed oil obtained from the seeds of 
Riitnus communis (Fig. 135). The fruit is a three-celled, 
thorny caf^ule. The castor is a native of India, where it is 
cultii^ated in large quantities, as well as in South America, 
various parts of Africa, Manchuria, the Levant, and Italy.* 
There are about seventeen varieties, which may be roughly 
grouped into shrubs and trees producing large seeds, and 
annual herbs producing smaller seeds. 

Characters of Seecb. — ^The seeds show considerable differences 
in size and colour. They are oval, somewhat compressed, 
from 8 to 18 mm. long and from 4 to 12 mm. broad. The 
testa is ver>^ smooth, thin, ‘and brittle. The colour may be a 
more or l^s unifomi grey, brown, or black, or may be variously 
mottled ^ith brown or black. A small, often yellowish, 
caruncle is usually present at one end, from which runs the 
raphe to teriiimate in a slightly raised chalaza at the opp'Osite 
end of the seed. The testa is easily removed to disclose the 
papery renmins of the nucellus surrounding a large oily 
eiidos]';emi. Within the latter lies the embryo with two thin, 
flat, cotyledons and a rU'dicle directed towards the caruncle 
(Fig. 135, K). Castor seeds, if in good condition, have very 
little '©dour ; t^e, somewhat acrid. 

• The aiitiiCM' 1ms before hiui samples grown in India, Manchuria, Java, 
E«t Africa. _Keaya, W«t Africa, Madagascar, Brazil, and Pem. These 
show gr«*t in form, siace, and. coloming. 
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Preparation and Ciiaracters of Oil. — The various processes 
involved in the preparation of castor oil are described on p. jb. 
The oil is refined by steaming, filtration, and bleaching. Cold 
expression fields about 33 per cent, of medicinal oil and further 
quantities of oil of lower quality may be obtained hy other 
methods. 

^Medicinal castor oil is a colourless or pale yellow liquid, 



Fig. 135. — -Hicimus e&mmumis. A, upper part of flowering branch, xf ; 
B, male flower, xz; C. ditto, open, X2 ; D, anther, x 10 ; 

E, female flower, x 2 ; F, ovary cut acrem, x 4 ; G, ovary cut length- 
w» showing ovules witli obturator, x 10 ; H, capsule, nat, size ; 
I* coccus split opera, nat. sire ; J, seed, nat. sire ; K, seed cut to show 
embryo, x i|. (From Rendle and Fawcett's Fiora of Jamaica.) 
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with a slight ocloiir and faintly acrid taste. For its cFemical 
and pln'sical constants, see the Pharmacopoeia. The acid 
value increases s«>iiiewhat with age and an initially high value 
indicates the use damaged seeds or careless extraction or 
storage. Castor oil has an extremely high Viscosity- 

Constituents,— Castor seeds contain from 46 to 53 per cent. 
fj»f fixed oil. wliieli consists of the glycerides of ricinoleic, 
iSf>rici!iolek% stearic, and dihydroxy stearic acids. The pur- 
gative action of the oil is said to be due to free ricinoleic acid 
and its stereoisomer, which are produced by hydrol^^sis in the 
diiocleniim. These acids have the formula, 

€H3.:CH:.f5.CH(()H).CH2.CH : CH.[CH2]7.COOH. 

The cake left after expression contains an extremely 
: toxin known as licin, which makes it unfit for use as 

a cattle iocxl. In the body it produces an antitoxin (antiricin) ; 
it is destroyed by heat. Ricin may be extracted by means of 
salt solution, precipitated by magnesium sulphate or other 
electrolyte, and piirilied by dialysis. The seeds also contain 
lipases, which under suitable conditions hydroly^se the glycerides 
and are sometimes employed commercially for the preparation 
of ghceriii from fats and oils. A crystalline alkaloid, ricinine, 
was isolated (Tuson, 1864) and has now been syn- 
thesised ISpath and Roller, 1923). It is not marked^ toxic. 

Uses. — Castor oil is widely used as a purgative. Owing to 
the presence of ricin, the seeds have a much more violent 
action than the oil and, although sometimes employed abroad, 
are not used as a purgative in this country. 

Alliwi Bmgs . — Croton seeds are obtained from Croton 
Tigiiumi, a small tree producing similar capsules to those of 
castor but devoid of spines. The seeds resemble castor seeds 
in size and shape but have a dull, cinnamon-brown colour and 
readily lose their caruncles. They contain about 50 per cent, 
of fixed oil, w'hich contains croton- resin ; also crotin/' a 
mixture of croton-globulin and croton-albumin comparable 
with ricin. The oil readily produces vesication and, if taken 
internally, is a \ioleiit cathartic. It was oflficial in the 1914 
Pharmacopeia. Students testing the seeds are warned to 
take the smallest |x>ssible fragment and to remove it from the 
nioutli after about thirty seconds. At first only a mild, oily 
taste ^ is noticed, but considerable pain will be suffered if this 
warning is disregarded- 

Pkysic Nmts or Pmrgmg Nats are the seeds of Jatropha 
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C ureas, another member of the Euphorbiaceie. The seeds are 
black, oval, and 15 to 20 mm. in length. They contain about 
40 per cent, of fixed oil and a substance comjiatable with riciii 
called ctircin. Both seeds and oil are powerful purgatives. 

CASCARILLi^E: CORTEX 

Cascariila ; Cascariila Bark ; F. Cascarille ; G. Cascarillrinde 

Source. — Cascariila is the dried bark of Croiem Eleiiteria, a 
shmb or small tree found in certain of the Bahama Islands 
(Andros, Tong, and Eleutheria Islands). It is exported from 
Nassau in bags or cases. 

Characters. — Cascariila occurs in single quills or channelled 
pieces, 2 to 5 cm. in length, 0*5 to i cm. in breadth, and 0-5 to 
2 mm. in thickness. Also in very small pieces, the so-called 
siftings, which appear as if shaved from the plant with a knife. 
The outer surface has a gre3rish-" "white cork and frequently 
bears the black apothecia of a lichen. The surface is wrinkled 
and furrowed and tends to exfoliate and expose the cortex. 
The inner surface is of a dark, chocolate colour and striated. 
Cascariila has a bitter taste and an aromatic odour. On 
burning the odour is more pronounced. 

A transverse section shows a ver^^ characteristic cork, the 
outer walls of which are strongly thickened, while the inner 
■walls have numerous small crystals of calcium oxalate 
embedded in them. The dark brown cortex and phloem 
consist veT>^ largely of parenchyma containing minute starch 
grains and occasional rosettes or prisms of calcium oxalate. 
The bark also contains oil cells, secretion tubes containing a 
resinous latex, and a very few bast fibres. 

Constatueiite. — Cascariila contains 1*5 to 3 per cent, of 
volatile oil, a bitter principle called cascarillin, about 15 per 
cent, of resin, colouring matter and alkaloids (betaine and 
cascarilline). 

The larger pieces of bark ^rield about 7-5 to 10 per cent, of 
ash, but siftings/' which contain a higher proportion of the 
calcium oxalate-containing cork, often yield about 12 per 
cent, of ash. 

— Cascariila is used in fumigants and, to a limited 
extent, as an aromatic and tonic. It was official in the 1914 
Pharmacopoeia- 
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i^uphoThmui. On It it, frag'nit-'iit?^ of commercial drug, namely, 
.sljpulsrs, miarescence, tmits, and fragments of resin showing holes 
left by the stipules. On right, a dried stem obtained from the Scar- 

bc^fomgli Heih Garden fNewmany 


is greeii in tbe upper part but brown below. The leaves, 
'wbicli develop along the angles of the stem, are represented 
only by thorny stip'iiles. The peculiar inflorescence (cyathium) 
consists of a pistilate flower surrounded by a number of 
staminate on^ jcf. otir indigenous spurges). It may easily 
mistaken for a single flower. The fruits are tricarpellary. 
The cortical parenchynia and pith contain long branched 
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: F. Etiphorhe, Resine d'Enphorbe ; 

Cr . E uphorbi umharz 

Source. — 3{iip!iorbiinii is a dried, resinous latex obtained 
fnsrii E'iph ‘E'r a cactns-like plant about 2 metres 

liigli is ::: Morocco. The quadrangular stem 
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Collection. — Euphorbium is collected by the Arabs, who 
make numerous incisions in the stem. The How from these 
is particularly abundant in the rainy season. The white, 
viscous latex solidifies on the plant or falls to the grotiiuL In 
the autumn the dried, resinous masses are collected, coiive^'ed 
to the town of Morocco and thence to the port of Mogadore. 
Owing to the ven," acrid nature of the drug it is necessary for 
all w-ho handle it in quantity to j^rotect their inoiiths and 
nostrils with cloths or masks. 

Characters. — ^The secretion occurs in dull, light brown tears, 
usually about the size of a pea, but irregular in outline and 
often enclosing portions of stipules, inflorescences, and fruits. 
These parts of the plant are also found loose in the drug (see 
Fig. 136) in considerable quantities. Some samples contain 
much earth. Euphorbium readily breaks to j^roduce a ver>" 
acrid, sternutatory powder. It is partially soluble in water, 
alcohol, and ether. 

Euphorbium ma3" be identified by making a light petroleum 
extract and pouring this on the surface of 20 ml. of sulphuric 
acid containing i drop of nitric acid. A blood-red colour is 
developed at the junction of the two liquids. 

Coiistitueiits. — The constituents of euphorbium are 
imperfectly knowm as attempts to isolate the acrid principle 
in a pure state have been unsuccessful. It contains about 40 
per cent, of ‘‘ euphorbone/’ a crystalline fraction from which 
an alcohol, euphorbol, has been isolated. Also, about 20 
per cent, of amorphous euphorbo-resene, 0*7 per cent, of 
euphorbic acid, mucilage, and about 25 per cent, of calcium 
malate. 

IJs^. — Euphorbium is used in veterinary practice as a 
vesicant and is an ingredient of some antifoul paints for ships* 
bottoms. 


Order GERANIALES 

An order allied to the Malvales which includes the 
Geraniacese, Einacese, Eiydhroxylaceae, Z^^gophyllacefe, and a 
number of other families. 

Family 

A family of 9 genera and 150 species, of which 90 belong to 
the genus Limum. The fnrit is usually a septicidal capsule, 
OTntahiing a htimber of endospennous seeds. 
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LINI SEMINA 

Linum, B.P. ; Linseed, Flaxseed ; F. Sentence de Lin ; 

G. Leinsamcn 

Source.— Linseed is the dried ripe seed of Linnm usitatissi- 
an annual lierh about 2 feet high with blue flowers and 
a globular capsule. The fias: has long been cultivated for its 
|>ericyclic fibres (see p. i_| 2 ) and seeds. Supplies of the latter 
are derived from South America, India, U.S.A., and Canada. 



Fjg. : 37 Luisc'cd. A. longitudinal section parallel to the broad side of 
tlir se€“d ; 13, longitudinal section parallel to the narrow side ; C, trans- 
verse section ; D, portion of transverse section, i, hilum ; 2, root ; 

3, €*nii«is|>erin ; 4. seed coats ; 5, cotyledon ; 6, cuticle ; 7, mucilage ; 

ttiin-m-alkd parenchyma ; 9, stone cell layer ; 10, hyaline layer ; 

ii„ pigment layer; 12, endosperm cells containing aleurone and oil. 
(After Oilg.l 

Large quantities of oil are expressed in Fngland, particularly 
at and on the Continent. 

Macrc^TOjpical Characters. — The seeds are ovate, flattened and 
oMiquely pointed at one end ; about 4 to 6 mm. long and 2 to 
2*5 mm, broad. The testa is brown, glossy, and finely pitted. 
Odourless ; taste, mucilaginous, and oily. If cruciferous seeds 
are present, a pungent odour and taste may develop on crushing 
and moistenang. A transverse section shows a narrow endo- 
sf^mi and two laige, plano-convex cotyledons. 
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Microscopical Characters. — MicTf>.scri]>ical exaiiii nation of 
the testa shows a outer epidermis, thin- 

walled parenchyma, a layer of pitted selerenchyniatoiis cells, 
and a layer of pigment cells %vith reddish-brown contents. 
In the endosperm and cotyledons are numerous aleurone 
grains and globules of oil. For powder see p. q8. 

Constituents. — Linseed contains about 30 to 40 per cent, 
of fixed oil (note the official requirement for Crushed Linseed) , 
6 per cent, of mucilage, 25 per cent, of protein, and small 
quantities of a c^’anogenetic glucoside, linamarin. It yields 
not more than 5 per cent, of ash. Starch is present in unripe 
seeds, but not in ripe ones. 

linseed Oil. — ^The extraction of linseed oil resembles that of 
cottonseed oil, which is described in Chapter III. Only one 
rolling of the seeds is necessary, after which the meal is heated 
and pressed. 

Linseed oil is a yellowish-brown diydng oil with a character- 
istic odour. On exposure to air it gradually thickens and 
forms a hard varnish. It has a high iodine value as it contains 
considerable quantities of the glycerides of unsaturated acids, 
e.g. linolic acid, C17H31.COOH (about 15 per cent.), and 
iinolenic (about 15 per cent.) and fsolinolenic acids, 
C1-H29.COOH (about 65 per cent.), in addition to those of 
saturated acids such as myristic, stearic, and palmitic. 

For use in paint linseed oil is boiled with “ driers such as 
litharge which, by forming metallic salts, cause the oil to dr>^ 
more rapidly-. Such “ boiled oils ” must not be used for 
medicinal purposes. Adulteration with resin, resin oils, 
cottonseed, sesame, and arachis oils may be detected by the 
Pharmacopoeial tests 

Uses, — Crushed linseed is used in the form of a poultice. 
The whole seeds are employed to make demulcent preparations. 
The oil is used in liniments, paints, the manufacture of lino- 
leum, etc. Linseed cake, w'iiich still contains some oil in 
addition to the proteins and mucilage, is a valuable cattle food. 


Family EElfl'HHOXYIAGMiE 

A small family often included under the Linaceae. In the 
most important genus, Erytkroxylan, there are about 190 
specif- 
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COC^ FOLIA 

CcKii ; Cm'a Leaves ; F. Feidiles de Coca ; G. Cocablcitter 

Source. — Ccx^a leaves are derived from species oi Erythroxylon 
cultivated in Bolivia, Peru, Java, and Ceylon. The cliief 
coiiiniercia! varieties are Huanuco or Bolivian, Trtixillo or 

IY*raviaii, and Javanese. 

Owing to the long and rcidespread cultivation of coca there 
has been some difficulty as to the number of species or varieties 
\deldiiig the commercial drug and what one botanist has 
considered as a distinct si>ecies another has regarded as a 
variety. It is now usually considered that the Huanuco 
leaves are derived from Erythroxylon Coca Lamarck, a shrub 
I to 2 metres high, and that the Truxillo and Javanese leaves 
are those of Erythroxylon novogranatcnse Hieronymus, a shrub 
I to 3 metres high.’*' 

History. — Coca leaves have been used in South America as 
a masticator}’ from very early times. They were formerly 
reseived for the sole use of the native chiefs and Incas. Coca 
was intrcKiuced into Europe about i688. Cocaine was isolated 

in i860. 

Collection. — In Bolivia and Peru coca is cultivated at an 
altitude of 1,500 to 6,000 feet. The cultivated plants are 
usuail}” pruned so as not to exceed 6 feet in height. Three 
han^ests are collected annually, the first from the pruned twigs, 
the second in June and the third in November. The leaves 
are dried in the sun or by artificial heat and are packed in 
bags. 

liacrcmcopical Characters. — (a) Huanuco or Bolivian coca 
leaves are shortly petiolate, oval, 2*5 to 7*5 cm. long and 1*5 to 
4 cm. wide. The lamina is greenish-brown to brown and 
glabrous ; margin entire. The imdrib is prominent on the 
lower surface, t^ars a ridge on its upper surface, and projects 
slight!}’ beyond the lamina as an apiculus. The latter is often 
broken in the commercial drug but the leaves are otherwise 
fairly entire. The lower surface shows two, very characteristic 
cun’ed lines, one on either side of the midrib. Odour, 
characteristic ; taste, at first bitter and slightly aromatic, the 

Tlioms, Mmmibuck dew Pkmm&zie, 1931, p. 1220, gives the folio-wing 
»ymonjm% for species : — Ewytkroxyifwn Cma Lamarck (E. perumanum 

£, b^divimmMm Biirck), and Erythroxylem Mmjogran^itenss Hieronymtis 
E, JRegel, M. Lima- Lam. vax. mycogranaiense Morris, E, C€km 
1 -a.m. vax. Biirck, E. (rmxiWmss Rnshyl. 
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alkaloids aftertvards causing numbness of tlie tongue and 
lips. 

\b) Truxillo or Peruvian coca leaves are pale green in 
colour, more paper3’ in texture tlian the Huaiitico, and are 
usually broken. Lamina about 1-6 to 5 cm. long ; lines on the 
lower surface usualL* indistinct. Flowers of a species of Inga 
f Family I.eguminosa?, subfamily Mimosoideae) are sometimes 
added to the leaves. 

(c) Javanese coca is not usually seen in this country The 
leaves are of the Truxillo-type. Large quantities, in the form 
of coarse powder, are exported to the Continent and Japan 
for the manufacture of cocaine. 




Fig. 13S. — Bolivian and Peruvian coca leaves. 


]£icrmcopiGaI Characters. — A transx^erse section of a coca 
leaf shows upper epidermis, palisade parencliyma containing 
prisms of calcium oxalate, spongy parenchyma, and a very 
characteiistic lom^er papillose epidermis udth numerous stomata. 
The midrih is partly surrounded by an arc of pericyclic fibres, 
al>ove and telow which is a considerable amount of coHen- 
chj'ma. A surface pre|mration of the lom’er epidermis shows 
the impillae as w^ell marked circles, and numerous stomata each 
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witii four subsiciian- cells two of whicb have their long axes 

parallel tc» the pore, 

Ctonstitiieiits. — Ccxra leaves contain about 0*7 to 1*5 per 
cent, of total alkaloids, of which cocaine, cinnamyl-cocaine, 
and a-tnixiiliiie are the most important. They occur in 
different proportions in different commercial varieties. 
Javanese leaves are usually richest in total alkaloids, of which 
the chief is ciiiiiamyl-cocaiiie, while the Bolivian, Peruvian, 
and Ceylon leaves contain less total alkaloid but a higher 
proportion of cocaine. (.Ither substances isolated from the 
leaves are : — ^The relatively simple alkaloids known as hygrines 
(from Pem\'ian leaves), the alkaloid tropacocaine (from 
Javanese and Peruvian leaves), four yellow cry'stalline 
glycosides ffrom Javanese leaves), and coca tannic acid. 

Mannfactore of Cocaine. — ^The crude alkaloids may be 
extracted with dilute sulphuric acid or treatment with 
lime and vctrolru::: or other organic solvent. Non-alkaloidal 
matter is roughly separated by transferring the alkaloids 
from one solvent to another. The crude alkaloids are obtained 
in solid form either as free bases by precipitation with alkali, 
or as by concentrating an acidified solution. 

In the case of South American leaves containing a high 
pro|)ortion of cocaine much of this can be cr\’^stallised out. 
Crude alkaloids are largely prepared at Callao. 

In l£urope pure cocaine is prepared from Javanese leaves, 
the crude bases, or the crude hy^drochlorides. The process 
depends on the fact that cocaine, cinnamyh cocaine, and 
a-tnixilline are closely related derivatives of ecgonine, which 
is produced b^- hydrolysing them wfith boiling dilute hydro- 
cMoiic add. 

CcMraiae Ecgoniiie -j- Methyl alcx>hol 4- Benzoic acid 

Ciiin.amyl-c»caiiie -> Ecgonine 4- Methyl alcohol -j- Cinnamic acid 

4- Methyl alcohol 4- a-Tmxillic acid 

The ecgonine hydrochloride is purified and converted into 
the free ba^. This is benzoylated by interaction wfith benzoic 
anli3"dride and the benzoylecgonine purified. The benzoyl- 
ecgoniiic is methylated, with methyl iodide and s^odium 
inethoxlde in methyl alcohol elution, to give methylbenzoylec- 
goeine or ccx^ae. The latter is converted into the hydro- 
cMoiide and purified by recry^stallisatiaii. 
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~ iC^HaCO-gO 

Ecgoiiiiic Benzoic Beiizoyleegoniiie 

anhydride 

CsHipgX.COC.H^ ■ CH 3 I C,Hi/J3XiCH,).CGCeH5-4-HI 

Beiizo^'leegonine Zdetliyl Cocaine 

iodide 

Note the official tests for cocaine, and the tests for absence 
of the other alkaloids. 

Uses. — Cocaine and its salts are widely nsed as local 
anaesthetics. Preparations of the leaves are sometimes used 
as a tonic in neurasthenia. 

I'amily ZY(K>PHYIJJlCIiaE 

A family consisting of about 25 genera and 160 species of 
herbs, shrubs, and small trees. 


GUAIACI RESINA 

Guaiacum : Gnaiacum Resin ; F. Risine ie Gmiiac ; 

G. Guajakharz 

Source. — Guaiacum resin is obtained from the heartwood 
of Gumacum cifficinale and G. sanciuni, small evergreen trees 
found in the diy^ coastal regions of tropical America. Gttaiacum 
officinale is found on the coast of Venezuela and Colombia and 
in the West Indies, w'hile G. sanctum occurs in Cuba, Haiti, the 
Bahamas, and Florida. 

History. — Guaiacum wood was known in Europe in the 
sixteenth century, when it was much recommended as a cure 
for syphilis. The resin was introduced into the London 
Pharmacopceia of 1677. Both wood and resin were official 
in the 1914 Pharmacopoeia. 

Collection and Character of Wood. — ^The trees are felled and 
freed from bark. Much of the wood is exported for making 
maMets, pulleys, scrapers for runner mills, etc,, for which 
it is eminently suitable on account of its durable nature. If 
the head of a good quality wooden mallet is examined it wiU 
be usually found to consist of guaiacum {lignum vitee), the 
txntral portion consisting of greenish heartwood and the 
outer part of yellowish sapwood. 

The wcKMi cx>nsists of wockI fibres and large vessels, the 
latter often extending from one medullary ray to the next. 
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All the elements of the lieartwood contain resin and those of 
the sapwood are rich in saponiiis (gnaiacsaponic acid and 
giiaiac-saponiii). Commercial guaiacum chips usually consist 
of both heartwood and saim'ood. 

Preparation of Resin. — Guaiacum resin may be prepared 
by the following methods : — {a) A log is bored longitudinally 
with an auger and then heated in a sloping position so that 
the resin melts and runs out ; (b) guaiacum wood chips are 
boiled in salt solution or sea water, when the resin, which 
melts at about 85'' to <10°, may be more or less completely 
separated from the wood : (r) the chips are extracted with 



Fia, 59. — Splitting a cake of guaiacum resin for inspection, P.L.A. 
(Ckemisi and 

and the resin precipitated b3' X^ouring into water, 
d, dried, and melted. 

It appears doubtful if any resin is obtained from incisions 
ide in the trun^ and inc^t of the lump guaiacum of commerce 
xs to l» made by the second method described above. 
CSiarMrters. — Guaiacum resin occurs in large blocks (see 
^ig. 139), or rounded tears about 2 to 3 cm. in diameter. The 
resMy fractured surface is browm and glassy. The powder is 
greyish but becomes green on exxx^sure. Taste, somewhat 
id : CKiour, when wanned, aromatic. When free from 
dy debris giiaiactma is soluble in alcohol, chloroform, and 
ions of alkalis. An alcoholic solution gives a deep blue 
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colour tguaiac-bluel on tlie addition of oxidising agents such as 
ferric chloride. Tliis colour is destro\"ed by reducing agents. 
Colophony, the most likely adulterant, may be detected by the 
cupric acetate test. 

Constituents. — ^According to hiicker (it!>04) guaiaciim. con- 
sists of a- and ^-guaia conic acids (about 70 percent.), guaiaxetic 
acid (about ii per cent.), and guaiac-^-resin (about 15 per 
cent.}. 

Uses. — Guaiacum is used as a local stimulant in the form of 
lozenges and internally for gout and rheumatism. It is 
purgative in large doses. 

For use as a reagent the resin extracted from the wood by 
means of chloroform is said to be the most sensitive. An 
alcoholic solution is used for the detection of blood stains, 
cyanogenetic glycosides, and ox>’dase enzymes. 


Order RUTALES 

The Rutales and Geraniales are closely allied orders, the 
chief difference being that in the Rutales the plants are mostly 
shrubs or trees. The flowers have a disc between the 
andrcecium and gynoecium. Oil glands are of general 
occurrence. The order includes the families Rutacese, 
Simambacese, and Burseraeese. 

Family RUTACHEiaS 

The Rutaceae consists of 120 genera and about 900 species. 
The members are mainly trees and shrubs, which are widely 
distributed in temperate and subtropical countries and are 
particularly abundant in South Africa and Australia. The 
foUowing subfamilies and species are of medicinal interest : — 

Subfamily Rutoideae. — Ruta graveolens (French oil of me), 
Euia ppmnfmia, and i?. bracte-osa (Algerian oil of rue) ; Xantho- 
xylmm and Fagmra spp. (prickly ash bark) ; Xanthoxylum 
pipefiium (Japan pepper) ; Esenbeckia febrifuga (Brazilian 
Angostura bark), Galipea officinalis (Cusparia or Angostura 
bark) . 

Subfamily Toddalioideae .^ — Toddalia aculeaia (Toddalia root 

bark). 

Subfamily Auranttoideae. — Citrus AuranMum (orange peel 
and ife cfll, oil of neroli and orange-flower water, oil of petit- 
grain) ; CUtms Liffioma (lemon peel, oil, and juice) ; Citrus 
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iimeihi iltaiiaii lime ail and juice) : Citrus mcdica var. acida 
iW’est Indian lime oil and juice) ; C. mcdica var. vulgaris (oil 
Ilf eitrom ; (oil of Bergamot) ; C. grandis (oil of 

shaddock ( : C. f^uradisi (grape fruit) ; ^Bgle Marmclos (bael 

fruit I . 

The oil glands are usually of scliizolysigetious origin. In 
species of Barosma, Citrus, and Riifa the oil cavities develop 
from a special niotlier-cell. This cell divides repeatedly and 
the daughter cells separate from one another schizogenously, 
leaving a central cavity. The walls of the cells surrounding 
the cavity break down, forming an oily secretion, and the 
cavity coiitimies to increase in size lysigenously. The oil 
glands of the Burseracea^ are also of schizolysigenous origin. 

In the leaves of s|3ecies of Barosma, Emplcurupn, and 
Tt>ddiiiia gelatinisation of the inner membrane of the epidermal 
cells occurs. The stomata are usually without special sub- 
sidiary cells. Clothing hairs of various kinds (peltate, stellate, 
etc.) occur ; also, unicellular or multicellular glandular hairs. 
Calcium oxalate in prismatic or cluster crs'stals, or occasionally 
in raphides and styloids, is found. Diosmin and hesperidin 
(see telow) occur in feather-like ciw’stai aggregates or sphsero- 
ciy'stalline masses in many species. 

The most characteristic constituents of the Rntaceae 
are the volatile oils and the rhamno-glucosides, hesperidin, and 
diosmin. Alkaloids are found in jaborandi leaves, Angostura 
bark and in the sc^eds of Pcgamim Harmala. The fruit pulp 
of many of the Auraiitioideie is rich in citric and other acids. 

Hesperidin. — 3 »Iany plants of the Rutaceae, Xeguminosse, 
X'iolacese, Poh'gonacese, Globulaiiacese, Myrtaceoe, Santalaceae, 
Capparidacese, and Solanacese have been reported to contain 
“ lies|jeridin.’' Generally speaking any sphsero-crysfcals which 
mere insoluble in organic solvents but soluble in dilute 
|»tassitiiii hydroxide solution with production of a yellow 
€x>loiir m^ere assumed to be identical with the hesperidin 
fcitms-feesperidin) -which had been isolated from bitter oranges 
by E. Hoffman in 1876. In 1883 Borodin examined 3,000 
plants and found hesperidin in 150 and pseudohesperidin 
in 50 of them. He distinguished hesperidin and pseudo- 
hesperidin by their different solubilities in ammonia solution, 
the sphaero-cr^-stals (deposited in the cells by alcohol) of 
pseudo-hespericfiTi being soluble and those of hesperidin almost 
insoluble. 

Citim-hisperidin has l^en proved to be a glycoside yielding 
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glucose, rliaiiiiiose, and hesperetin on hydrolysis. Hesperetiii 
is a ketone which yields diosiiietin Isee below by ring closure. 

Diosmin, reported in many plants as liesperidiig is in 
fact a closely related rhamno-glucoskle of the formtila 
Cj4H4|<J2i. 3HX). (Jii hydroh’sis it yields glucose, rhaiimose, 
and 5:7:3'- triliydroxy - 4' - methoxyilavone (diosmetiii). It 
occurs ^ in Hyssopus officinalts, Scrophuiaria nddosm, Barosma 
spp., Mentha crhpa, M. Pulegium, Conium macuiaitim, Capseiia 
etc. 

BUCHU FOLIA 

Buchii, B.P, : Buchu Leaves ; F. Feuilies de Bneco ; 

G. Biickiihldticy^ Bite c obi after. 

Source. — ^Tbe name biacliii is applied to the leaves of several 
species of Barosma grown in South Africa. The leaf official 
in the British Pharmacopoeia is that obtained from Barosma 
beiulina (Thunb.) Bartl. and Wendl. and known in Knglish 
commerce as short ” or round bnchu. 

History. — ^The use of buchu leaves was learnt from the 
Hottentots. The first English importation, which appears to 
have been of the leaves of B. crcnulata, was consigned to 
Reece & Co. of London, who introduced it to the medical 
profession in 1S21. At one time the leaves of B. crenidaia 
(oval buchu) and B. serratifolia (long buchu), which are not 
now official in the British Pharmacopceia, were preferred to 
those of B. beiulina, the authors of the Pk a r mac agraphia 
remarking “ The leaves of the B. beiulina are the least esteemed 
and fetch a lower price than the others yet appear to be quite 
as rich in essential oil."' 

CoHecMon and Preparation. — Barosma beiulina is a small 
shrubby plant growing wild to the north and north-east of 
Cape Town. The leaves are principally obtained from wild 
plants while they are dowering and fruiting. Cultivation of 
the plants from seed has been tried and shows commercial 
possibilities, although the percentage of seeds which germinate 
is small ; cuttings do not root readily. The leaf-bearing shoots 
should be cut cleanly to avoid injury to the plant, and the 
leaves carefully dried for about fourteen days. About 200,000 lb. 
of buchu are now expo^rted annually from South Africa. 

llaeit»>pical Characters.^ — ^The leaves of B, beiulina, B. 
erenmlaia^ and B. serraiifoUa are all small, shortly petiolate, 

* Owsterie a»«i Wander, Hdv. Chim. Acta., 1925, 8, 519; abstracted in 

J ,€ S ., 19^:53, 143S. 
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green to greeiiisli-yellow in colour, and supplied with numerous 
oil glaiicis wliicli are readily visible on holding them to the 

light. 

Rfniiid or short buchu consists of the leaves and a small 
fKircentage of the stems, fruits, and flowers of Barosma betulina 
i;Fig. 140, Ah The leaves are from 12 to 20 mm. long and from 
4 t«i 15 mill, broad. They are rhomboid-obovate in shape 
with a blunt and recurred ajiex. The margin is dentate in 
the up|>er tiro-tMrcls of the leaf and serrate towards the base. 
A large oil gland is situated at the base of each marginal 
indentation am! at the a|K-x, whilst numerous smaller ones are 
scattered throughout the lamina. The leaves w'heii dr3" are 
brittle and coriaceous, but on moistening become cartilaginous 
or mucilaginous. Odour and taste, strong and characteristic. 
Reddish-brown fragments of stems, up to about 5 cm. in length, 
browm fruits with live carpels, and flow'ers with five whitish 
petals are usually present ; but an excessive amount of these 
must be regarded as an adulteration. 

lilcroscopicai Characters. — ZMicroscopic examination of sur- 
face preparations shows polygonal epidermal cells with straight 
walls ; stomata on the low-ex surface only, each surrounded 
by four to six cells ; a few one-celled hairs up to I45g. long, par- 
ticularly on the midrib. In section the cells of the upper 
epidermis show a thick cuticle, sphaero-cry^stalline masses or 
feather-like crystal aggregates of diosmin, and a thick deposit 
of mucilage 011 the inner tangential walls. A single layer of 
palisade cells is followed by spongy- parenchyma, the cells of 
which contain rosette crystals of calcium oxalate 15 to 30/i. in 
diameter. The oil cavities are circular and lie in the spongy 
mesophyH. The midrib has a fan-shaped xylem and a crescent 
of non-Hgnifled * pericyclic fibres between the bast and the 
sut^-epidemial coHenchyma. 

¥ari^«s. — Oval Buchu is obtained from Barosma crenulaia 
Hooker. The leaves, which are accompanied by a certain 
aniount of stem, are 15 to 30 mm. long, and 7 to 10 mm. broad. 
The shape is more or less oval ; the apex is blunt bat not 
recurved and pc^sesses a terminal oil gland ; marginal serration 
very minute. 

Ikmg Buclm is obtained from Barosma serratifolia Willd. 
The leaves are 12 to 40 mm. long and 4 to 10 mm. broad ; 
liiiear lanceolate in shape ; the apex is truncate and possesses 
a oil gland ; the margin is serrate. 

* WaJ!» aad Dewar, Y. B. Pkarm., 1933, 3,48. 
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-Aj, Aa, and Ag the leaves, fruits and stalk of Bamsma betuLna : 
rm <oi B. ; C. leaves of B. serrmiifoUa ; D, leaves and 

‘ of Empiemrum serruioium (Newman). 
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Smtetitutes and Adulterants. — IMaiiy buchu substitutes have 
been reccirdecL* These are usually of Rutaceous origin and 
belong to genera such as Barosma, Agathosma, Diosma, and 
fAnpienrum, which are indigenous to South Africa. The 
folkming may be mentioned : — 

Uji Resembling F. hiuiipm : The leaves of Barosma vcnusta 
Ecklon and Zeyher resemble the official leaves in 
general characters but are distinguished by their 
much smaller size and by the fact that an alcoholic 
extract gives a strong blue fluorescence in ultra-violet 
light. Those of Barosn:{r pnlchella differ in that they 
are ovate instead of obovate and have a character- 
istic citronella-like odour. 

ib} Resembling B. crcnulata : Barosma Bchloniana ^Bartl., 
has sometimes been regarded as a variety of B. 
cYcniilaia. The leaves are, how^ever, somewhat 
broader and shorter and lack an apical oil gland. 

(r) Resembling B. serratifolia : Emplcurum scrrulatum 
Aiton. Apex acuteh' pointed and without a terminal 
oil gland. Bitterish taste and characteristic odour. 

CoBsUtuents, — Buchu leaves contain volatile oil, diosmin 
(see p. 421), mucilage, resin, and calcium oxalate. The leaves 
of B, btiiiiina contain 1*3 to 2*5 per cent, of volatile oil; 
those of B, serratifolia o-8 to 1*0 per cent. The chief con- 
stituents of buchu oil are diosphenol, the terpenes £^-limonene 
and dii>eiiten€, and the ketone, /-meiithone. 

Diosphenol or buchu-camphor, CiqHiqOo, is a crystalline 
optically inactive solid, melting at 83° and boiling at 232®. 
Chemically it is a phenolic ketone. It may be isolated by 
shaking the oil with sodium h^-droxide solution, treating the 
alkaline liquid with an acid, and recrystallising the crude 
diosphenol from a mixture of alcohol and ether. The betulina 
oil, estimated by caustic soda absorption, has a diosphenol 
content of 17 to 30 per cent, and deposits cry’-stals of this 
substance on standing. Other buchu oils contain diosphenol 
but not in sufficient quantities to give a deposit of it on 
standing. 

IIs«. — Buchu is used as a diuretic in diseases of the urinary 
organs. Its action is aanibed to the volatile oil. 

• For description of maay of these, see Holmes, P./., 1910, 85 , 464. 

Also, Wallis and Dewar, Y. B. Ph&rm., 1933, 347. 
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JABORANDI FOLIA 

Jahf^randi : Juh^^ni^ufi Lcavis : F. I'tuiiits dc ; 

(t. J iibujiuldibldiicr 

Source. — The name jaboraiidi is now ajj|iliecl to the leaflets 
of various s|>ecies of Piincarpus, a j^e^iiiis of trees and shrubs 
well represented iii South America and found to a less extent 
in the W'est Indies and Central America. The principal 
jaboraiidi now imported, Maranham jaborandi, is that derived 
from the Brazilian plant Pilocarpus micraphylius Stapf. 

History. — The name jaborandi is applied in South America 
to various plants of the families Piperacea.* and Rutaceae the 
leaves of which have an aromatic or pungent taste and increase 
the flow of saliva when chewed. 

Jaborandi was introduced into medicine in 1874 by Dr, 
Coutiiihou of Pernambuco. The leaves imported into England 
as Pernambuco jaborandi were for some time regarded as 
those of Pilocarpus pennaiifolius Lemaire, but after a study 
of the drug extending over many years Holmes came to the 
conclusion that they belonged to a hitherto iindescribed 
species to which he gave the name Pilocarpus Jabftnmdi in 
liSpj. By 1893 the then official Pernambuco leaf was becoming 
scarce and a number of other kinds were imported, namely, 
Paraguay (from P. dins Lemaire), ^laranham (from 

P. niicrophyilus SraT'.f. . ::rst imported 1893), Ceara (P. 

Holmes, first imported 1894), and Aracati (from 
P. spicaius A. St. HiL|. Jaborandi was official in the B.P. 
1898, and in the U.S.P. IX, but has iiow^ been replaced by 
pilocarpine salts, the action of which veiy closely" resembles 
that of the w'hole drug. 

C^haraeters. — i, Maranham Jaborandi. — The plant, P. micro- 
pkyliits, ■which produces the Maranham drug, bears imparipin- 
iiate compound leaves with about seven leaflets. The leaflets 
are attached to a somewhat winged raehis wffiieh is almost 
glabrous (cf, Suarizia sp. below). The drug consists of 
separated leaflets, a certain amount of raehis, and an occasional 
fruit. The leaflets are 2 to 5 cm. long, i to 3 cm. broad, and 
emargiiiate at the apex. The terminal leaflets are oval, 
symmetrical, and have a petiolule 5 to 15 mm. long, with a 
winged margin which pass^ imperceptibly into the lamina. 
The remaining leaflets are obovate, asymmetrical and sessile. 
Leaflets of the left and right sides of the leaf may be 
distiiiguisheci from one another by the fact that the broader 
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side of each leaflet lies away from the rachis. The veins are 
pinnate and anastomose near the margin. The drug is greyish- 
green to green isii-bro'wii in colour and brittle in texture. 
:Niimerous small oil cells may be seen by transmitted light. 
Odour, when crashed, slightly aromatic; taste, bitterish and 
aromatic, the secretion of the salivary" glands being much 
increased. 

2 . Temambnco Jalxjraiidi consists of the leaflets of Pilo- 
carpus Jabomndi Holmes, which are obtained from a com- 



Fig. 14 1. — A, leaflet of PilmMrpus Jaborandi ; B, leaf of Pilocarpus micrch- 
pkyiius, alxrmt two-thirds natural size. (After TscMrch.) 


inipaiipiniiate leaf wdth one to nine leaflets, leaflets 
4 to 12 cm. long and 2 to 4 cm. broad ; petiolules short ; apex 
einarginate ; hax usually asymmetric ; margin entire and 
slightly re volute- Upper surface glabrous and greyish to 
brotvnisli-greeii ; lower surface yellowish- or greenish-brown 
and slightly pub«cent. liidvein not prominent on the upper 
surface but very prominent on the lower surface (in the 
midveins of the Maranham leaflets the reverse is the case). 
A transve^^ sectimn of the midveins is often useful for dis^ 
tiagtiisliiiig l«tweeii the various species of Pilocarpus, 
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tile Periiaiiibiico variety shows a complete riii^ of pericyciic 
scl ere iicliy Ilia, the Maraoham a broken rin^. 

3. Paraguay Jahorandi derived from P. pennatifidius 
Leiiiaire. G-reyish-green ; paperv' in texture ; usually equal 
at base ; veins not prominent on the upper surface and the 
anastomoses not marked. Pericyciic sclerencliyraa more 
broken than in ^Maranham or Pernambuco. The above three 
varieties have a single palisade layer, K::t wliiAi distinguishes 
them from the Guadelou|>e and Aracut: vur:v.--L:'.*s. 

4. Ceaxa Jaborandi is derived from P. iruchyiophus Holmes. 
It is exported from the Brazilian provinces of Ceara and 
]\Iaranliao ; leaflets smaller than those of P. JahoriDidi : oblong 
or elliptical ; coriaceous ; both surfaces bearing short curved 
hairs, which are particularly abundant on the lower surface. 

5. Aracari Jaborandi : P. spicatus ASt. HiL, a plant with 
simple lanceolate leaves 3 to ii cm. long; short twisted 
petiole ; upper surface shining. 

6. Guadeloupe Jaborandi : P. racemosns from the lesser 
Antilles ; up to 20 cm. long ; ovate. The Aracati and Guade- 
loupe both have a double layer of palisade parenchyma. 

7. Venezuela Jaborandi : P. heieropkyllus, a leaf chemically 
examined in 1923 but containing very little pilocarpine. The 
author is not aware of it havdng been imported to any extent. 

Aduh^ration. — Although all the jaborandis mentioned 
above contain alkaloids, these differ in nature and in the 
percentage present. Some contain little or no pilocarpine 
and their presence in Maranham leaves w’otild be regarded 
with disfavour by the pilocarpine manufacturer. 

Maranham jaborandi appears to have been more frequently 
adulterated than the other varieties of Jaborandi, particularly 
by the leav^ of Swarizm decipiens Holmes. These leaves are 
rather smaller than those of P. micropkyllus and have a short, 
hairy petiole. The rachis, if present, is cylindrical and 
pubescent. 

In 1875 leaves and roots of a species of Piper were imported 
as Jaborandi, but it was not difficult to show that they differed 
in appearance and -constituents from the leaflets of Pilocarpus 
species. Steins were almost invariably present which show*ed 
the swotten nodes characteristic of the Piperacese. 

— Maranham leaves contain about 0-7 to 
0-8 f^r cent, of the alkaloicls, pilocarpine, ss^opilocarpine and 
pilc^iiie, and about 0-5 per cent, of volatile oil. 

PilcKrarpine, CiiHieO^Na, was isolated by Hardy in 1871. 
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It is now known to be the lactone of pilocarpic acid, an acid 
wliich contains a glyoxaline niicleiis. It can, wdth difficulty, 
be obtained cr>'stalliiie but readily forms cr^’-stalline salts. 
By tile action of heat or alkalis pilocarpine is converted into 
its isomer r:!rcar: :r:e. /s^pilocarpiiie occurs in small 
quantity in iV.-j b-ut ::iore is formed daring the extraction 
process. Pilosine, wliich is only found in small quantities, 
was isolated by Pymaii in 1912. Alkaloids other than the 
three mentioned above have been isolated from other species, 
namely, pilocarpidine (from Pernambuco) and ?/^-pilocarpine and 
®^-jaborine ffrom Aracatih The nature of the alkaloids of 
Ceara is not known. The amount of crc^stalline pilocarpine 
nitrate which can be prepared from the different varieties 
has been given as 0-67 per cent, from Pernambuco ; 0*45 per 
cent, from ^laranham ; 0*12 |>er cent, from Guadeloupe ; and 
o'fjq fx^r cent, from \bnezuelaii. 

Uses. — I diaphoretic, used in kidney disease; sialogogue ; 
emetic in large doses. A constituent of many hair restoring 
preparations. Salts of pilocarjiine are usually preferred to 
galenicals made from the wbole drug. Pilocarpine causes 
coiitractioii of the pupil of the eye, its action being antagonistic 
to that of atropine. 

AURANTII AMARI CORTEX 

Corii.t Recens, B,P. ; Aurantii Cortex Siccatus, B.P. ; 

Enter Orange Peel ; F. Sc ore e on Zesfes P Oranges Ameres ; 

G. Penneranzenschale ' 

“Bitter orange peel is obtained from the fruit known 
as the bitter, Seville, or Bigarade orange. The tree producing 
these fruits does not differ very markedly in botanical 
characteristics from the sweet orange tree and they are regarded 
as s::l-syLX';es or varieties of Citrus A urantium binn. These 
are nanied respectively Citrus Aurantium var. amara Linn. 
jC.. Bigmadim Durham ; C. vulgaris Risso), and C. Atirantium 
var. imkis Linn. (C. smensis Gallesio). 

The bitter orange is not as widely cultivated as the sweet 
orange and our supplies are obtained chiefly from Southern 
Spain {Seville and Malaga), Sicily (Messina and Palermo), and 
1 ripoli via Malta. 

— The bitter orange tree appears to have been 
introduceci from Northern India into Eastern Africa, Arabia, 
d Syria, whence it was brought to Europe either by the 
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Arabs or Crusaders about A. re ijfHj, Tlie sweet oraie^e was 
not known in EiirofX' until tlie lifteentb century and appears 
to be of Chinese origin. The |>eel of the bitter orange is 
official in the British Pharraaco|xeia and those of both the 
bitter and the sweet orange in the U.S. Fdiamiacop^eia. 

Collectioii and Preparation . — iJrange peel may be prepared 
in the Mediterranean countries or in England. In the latter 
case the fruits are collected before they are quite ripe and the 



Fia. 142. — Cliriis AuranHum subspec. amara. Transv’'erse section of the 
outer part of the unripe fruit, i, epicarp ; 2, stoma ; 3, crystal of 

calcium oxalate ; 4, hesperidin in masses ; 5, hesperidin in ciy^stals ; 

6, secretion cavity ; 7, %’ascular bundle. (After Tschirch.) 

ripening is completed in transit. January^ February^, and 
March are the chief months for their importation. 

The peel should be removed with as little of the white 
zest ” as possible. Hand-cut, English dried peel is most 
esteemed. The peel may be removed in four quarters,” or 
in a spiral band. It is also met with in thin strips, similar 
to thc^ found in marmalade, cut by machines. The so-called 
Maltese is of this ty’-pe, which is known as gelatin- cut.” 
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I*iii€ slicing naturally causes the rupture of a large number of 
oil glands and some loss in aroma. 

Characters. — ^The colour of the dried peel is somewhat 
variable, but frequently reddish-brown in the spiral form and 
grceiiisli-brown in the “ quarters.’' The outer surface is 
riiiiged, being somewhat raised over the oil glands, which are 
clearly seen in sections with the naked eye. The inner surface 
tMfars a small amount of white “ zest." Fragrant odour ; 
aromatic and very bitter taste. 

3 licrc»copic examination show's a small-celled epidermis 
with cliaiacteristic stomata ; parenchyma containing prismatic 
eiy’stals of calciiim oxalate 20 to 45^1 long, or sphaero-crystalline 
masses of hespeiidin ; small anastomosing vascular bundles ; 
and large oil-containing cavities usually arranged in two, 
irregular rows. 

Constituents. — Bitter orange peel contains about i to 2-5 
|>er cent, of volatile oil and the rhamno-glucoside, hespeiidin. 
“ Isolies|)eridin.” auraritiamarin, an amorphous glycosidal 
bitter substance, bitter aurantiamaric acid, a bitter resin, and 
the tasteless cr>’stalline substance, hesperic acid, are also said 
to be present. 

The volatile oil may be extracted by means other than 
distillation (cf. oil of lemon) and is known as Essence de 
Bigarade, A similar oil from the sweet orange is called 
Essence de Portugal. These oils contain the terpene, 
if-limonene, and small quantities of citral, citronellal, methyl 
anthranilate, etc. By removing about 95 per cent, of the 
terfiencs by fractional distillation a “ terpeneless oil of orange " 
may be prepared. Ash 3*5 to 6-5 per cent. 

Us®. — Bitter orange peel is used as a flavouring agent and 
as a bitter tonic. 


SWBSTmJTES AND ADULTERANTS 

Sw&efe Drajige Peel. — According to the Pharmacografhia 
there are but few districts in India where the cultivation 
of the bitter orange is successful. In parts of the Empire 
where supplies of fresh bitter orange peel are difficult to obtain 
the Fliarniacoixeia allows sweet orange peel to be used instead. 

The peel of the sweet orange is thinner than that of the 
bitter, more yetlowish in colour, less rough, and the taste. 
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1 hough pungent and aromatic, lacks the extreme bitterness of 
the Seville peel. 

Lemon peel, which is described below, is not ditficiiit to 
distiiiguisli from orange }>eel. As a coiifiriiiatory test a 
section ma\' be moistened with concentrated hydrochloric acid 
when lemon peel undergoes but little change, while orange 
peels Ibotli bitter and sweet i develop a green colour. 


LIMONIS CORTEX 

Limonis Cortex^ B.P. : Lemon Peel : F. Ecorce cm Zesic ie 
Citron ; G. Ciironenscfmle, Limioicnschale 

Source. — Lemon peel is obtained from the fruit of Citrus 
Limoniii Osbeck {Citrus medica var. Linumum Linn. ; C. 
Limonum Risso). a small tree, 3 to 5 metres high, cultivated in 
the countries bordering the Mediterranean. The lemons 
imported from Sicily (Messina and Palermo), Southern Italy 
(ReggioL and Southern Spain (Murcia) are most esteemed. 
Lemons are also grown in Australia, Florida, California, and 
Jamaica. 

History. — The lemon is of Indian origin and appears to 
have been unknown in Europe until the tw’elfth centu^3^ 
Numerous varieties and hybrids (particularly with Citrus 
medica Risso) are cultivated. Fresh lemon peel is official in 
the British Pharmacopceia. 

CoUectaon and Preparation., — Lemons are collected in 
Januai^^”, August, and November, before their green colour 
changes to yellow’. The^' are exported in cases containing 
from 200 to 3 ^ fruits. The smaller fruits, which would not 
have a ready sale, are used in the preparation of oil of lemon. 
For pharmaceutical purposes fresh peel should be used when- 
ever possible, although dried peel is officially sanctioned in 
countries w'here fresh lemons are not obtainable. The peel 
is removed with a sharp knife in the form of a spiral band. 

CaLaracters. — Dried lemon peel occurs in spiral hands up to 
2 cm. in breadth and from 2 to 3 mm. thick. Some pieces 
tear the apex of the fruit which has a nipple- like appearance. 
The outer surface is rough and yellow ; the inner surface pulpy 
and white. Odour strong and characteristic ; taste aromatic 
and bitter. 

The anatomical structure closely resembles that of orange 
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peel I'l/.r.i. Tiie epidermis bears stomata. Tbe large, 
scdiizolysigeiimis oil cavities lie close to tbe surface and are 
iisually arranged in a single, somewhat uneven row. The 
yellow f3uter layers of parenchyma contain prisms of calcium 
oxalate and 3’ellowish masses of hesperidin. The white, inner 
region consists of branched cells with large, air-filled, inter- 
cellular spaces, and of small vascular bundles. 

Constituent. — Lemon |>eel contains volatile oil (see below), 
lies|>eridin, bitter principles, mucilage, and calcium oxalate. 

tJs«. — r.emon |3eel is mainly used for flavouring purposes, 

OLEUM LIMONIS 

Oii'um Li mollis, B.P. ; Oil of Lcmojt ; T. Huile Volatile 
de Citron ; G. Citronendl 

Source . — CM of Lemon is a volatile oil obtained from the 
fresh pericarj) of the lemon. Citrus Limonia Osbeck. It is 
produced in Sicily (particularly in the Messina district), in 
Southern Italy (Calabria), and the French and Italian Rivieras. 
i )ther lemon cultivating countries such as California, Australia, 
Florida, and Jamaica are likely to become serious competitors 
in the oil of lemon market in the near future. California 
fc‘K|M3rts a considerable quantity of distilled oil of lemon. Oil 
of lemon and other Citrus oils, unlike most of the other essential 
oils used in medicine, are of much better quality when prepared 
by expression than w’hen prepared by distillation. 

History. — Both expressed and distilled oils of lemon were 
sold in Paris as early as 1692. Expressed oil of lemon is 
official in Britain and the U.S.A. 

Preparation. — Oil of lemon is, or has been, prepared by the 
folloming processes : (i) The spugna or sponge process and a 
variation of this called the scorzetta process, (2) the icuelle a 
piquet process, (3) expression of raspings process, (4) machine 
processes, and (5) by distillation. 

(I I The spsnge process are used in Sicily, Calabria, and 
the Riviera. The spugna process is described by Barrett * 
as follom's : — 

Tfi^' on which the extraction of the essence is carried on 

may ia way. If you hold a piece of lemon peel up 

to the liglit, and tiim it inside out, a fine shower of mist will be seen 
to be forcibly ejected. This is not all oil, but a mixture of oil and water. 


y. B. JBhmrm., 1892 , 505 . 
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|M"ople arc acquainted with this pliciFJiiieiion, though 

rri.aijrmupiiot have actually seen it, fcjr in peidini: :i leiiioiior orange with 

t'ng-rs a little of the oil is often the eye, causing a 

consider able aiiioiiiit of pain. By tumiiig the lemon peel inside out 
almi'xst the whole of the essence is removed from the ix^el, for each little 
globule oil ap|X?aTS to l>e surrounded by water, and the liquid which 
remains adlierent to the pneel consist? nr:r.r*:*'v.:i!!y of water. As it Is 
iin|»ssible to turn every- piece of |>eel i::dde out, the following 

methcKl is adopt chI : One man takes a It*:: a: in :::s hand, and with three 
rapid strokes with a large knife cuts off nearly all the ixxd in three 
slices. The central |>ortion which is left consists of most of the pulp 
with a little of the pee! — top and bottom. This is simply pressed 
for making lemon juice. The sHces pass to a second 
workman who sits on a low chair with an ordinary 
coniinon quality bath S|X>nge, worth atout (id., in 
one hand. With the otlier he presses the slice of 
peel against the sponge, pressing the edges of the 
|>eei only with Ms fingers, the ol.yect being to press 
the cx>nvex piece of lemon peel as nearly fiat as 
possible. The amount of pressure used is very- slight, 
and at first sight it seems incredible that the oil 
globules can have l>een broken ; but if you try* the 
experiment of turning this exhausted peel inside out, 
nothing more can i>e extracted. The sponge is 
ix^riodically sciueezed. One man working in this way 
can extract alxjut i| lb. (Knglish) essence of lemon 
per day'. To ensure the cells being fully- charged 
with moisture, it is usual to allow* the lemons to 
stand in water for a short time ; and I myself projxjse 
washing the lemons in a stream of miming water. ’ ' 

In the Scorzetta process the lemons are cut 
in half, the pulp removed with a spoon-like 
instrument (Fig. 143), and the peel squeezed 
against a sponge (Fig. 144). The pulp from 
the sponge processes is expressed and the juice 
used for the manufacture of citric acid, the 
residual caJce being used as a cattle food. 

(2) jficuelte a Piquer Process. — On the Ritieras 
an iiistrament known as an ecuelle d piquer 
fliterallyy a bowl for pricking) may still be used."*® This con- 
sists of a funnel made of copper and tinned inside. The upper 
saucer-like part is about 8 to 10 inches in diameter and bears 
on its inner surface numerous strong metal pins about |-inch 

• liiqii.irirs bave baea made on the Contiaent with the object of obtaining 
aa dimlte k piqmsr^ which is described in text-books and illustrated by Tschirch- 
It appeal^, Itcjwever, that the process is almost obsolete in the case of oil of 
lemon aad that the name Cszi^L£ .> pique/ is now applied to a portion of an 
oil-extract ia.g machine. The pTOce^"*is in use for the extraction of oil of 
limes i» the West Indies, 

2S 



Fig. 143. — In- 
strument used 
for removing 
pulp from 
lemons. 
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to I -inch long. The stem-like portion is about 5 inches long 
and I inch in diameter and senses both as a handle and as 
a receiver for the oil. By rapidly rotating the instrument, 
after vlacing lemons in the bowl the oil glands are ptinctured 
and 'h-clnircc their contents, which collect in the handle. 
The liquid is poured oil at inteiv'als into a larger vessel, where 
it is allowed to stand until the oil can he decanted and filtered. 

ij) Expression of Raspings Process. — ^This method is now 
little used but the principle is interesting. The outer region 
of the j^eel, which contains the oil glands, is removed by means 



Fig. 141.- — Manufacture of oil of lemon. Sponge process (Lautier Fils). 


of a grater. The raspings are placed in horsehair or duck bags 
and strongly pre^d. The liquid obtained is turbid but on 
standing the oil separates and can be decanted and filtered. 

(4) Prce©®m. — Much oil is prepared by machine 

iMi^d on the above principles and is only slightly inferior to the 
hand-presed oil. One of these is illustrated in Fig. 145. 

| 5 ) BfefiHaticiii, — Oil obtained by distillation is not com- 
parable with that which is eispressed, but large quantities are 
so pxirpareiL |»3rticiilarly in California. Oil may he distilled 
fpom the peel-residues of the expr^sion processes. ' For details 
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of iiiaeliine and distillation prfxresses the stiicleiit is referred 
to Ihirry’s Chemistry ef Esstvitiiil Oils and Perfumes. 

Varieties. — Sicilian hand -pressed oil fetches the liighest 
price, Sicilian ** inacM lie- made being slightly cheaper. 
“ Distilled Californian ” is nsually about half the price of the 
Sicilian “ hand-pressed.’’ 



Fig. 145. — l*lai»if.actisr« of oil of lerocwa. MacMse process (ILautier Fils). 



PIIJRMA i -OGXOSY 


l<3fi 


Constitixents. — I.eiiioii oil contains teq>eiies (about 94 per 
cent., mainly iZ-limoiicnef , scs4uiterj>eiies, aldehydes (citral, 
about 4 to 5 per cent., and citronellal) , and esters (about 
I per cent, acetates. Liiiioiieiie is a liquid, b.p. 175 

Citral or gerariiaL a liquid, b.p. 230'^, is the aldehj’-de corres- 
pM>iidiii|4 to the alcohol geraniol. hemon oil shows a marked 
tendency to resiiiify and should be protected from the action of 
air and light as much as possible. 

Terpeneless oil of lemon is prepared by distilling a good 
lemon ml under reduced pressure until the distillate contains 
most of the teiq^eiies and about 2 per cent, of the citral. The 
residue is the so-called terpeiieless oil, which has a citral 
content of 40 to 30 |>er cent. 

Adulteration. — ( lil of lenion was at one time frequently 
adulterated with oil of turj>entine, but analysts now have to 
contend with more scientific methods of adulteration. These 
i ml tide the addition of terpenes obtained in the preparation 
of ** teT|;>eneless oil of lemon,” and the addition of the cheaper 
distilled oil of lemon. The value of the oil is judged to some 
extent on the citral content, but a normal citral content alone 
is not a sure indication of purit^’ since citral may be added from 
a clieax>er source such as oil of lemon grass, which contains 
75 to 85 |5er cent, of this aldeh^’^de. It will be gathered that a 
careful examination of the oil by both phc'-sical and chemical 
metliods is necessar>'. 

— (Jil of lemon is used for flavouring and in per- 

fiimeiy”. 

Stocsms limoiiis. — Lemon juice, although no longer official, is 
an important source of citric acid and vitamin C. In Sicily 
and Calabria the pulp, separated during the extraction of oil 
of lemon, is pressed, the fruits >nelding about 30 per cent, of 
juice. This is concentrated from its natural specific gravity 
of i *03 to 1*04 to a s|)eciflc gravity of about 1*23, forming a very 
dark bromm liquid. Some is exported for citric acid manu- 
facture, but much is treated in Itlay for the extraction of 
ealci 11111 citrate or citric acid. Considerable quantities of citric 
acid and calcium citrate are obtained from lime and lemon 
juices produced in the West Indies (Antilles), Spain, and 
California. Lemon juice, Succus Limonis is nsed for 

its \’itami!i C content. Orange juice, however, is richer in this 
vitamin and is more suited to infant feeding. Becitrated 
oran^ and lemon juices are used for making vitamin C con- 
centrates. 
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BEL^ FRUCTUS 

Imiiim Bad Fruit, {hiimc : F. Miinneii>s df Beni^uaia : 

(j. hniisikf (Juiifen, M tirmtiodrikhic 

Source. — Bad fruit i< obtaini^d frciin tlie Marmehs 

Correa, a tree n ^ to i j metres grrnvii in India. For medical 
piiq)oses the fresh half-ripe fruit is preferred. 

History. — ^'fhe tree has long been held sacred by the Hindus 
and is referred to in Sanskrit rvritings of about looo d.c. 
Its use for dysentery was known to the Portuguese at (roa 
in the sixteenth century, but the drug attracted little attention 
in Europe until 1850. It was official in the 1914 Pliarmacopreia, 
but is not now included in either the Briti.sh or U.vS. 
P hariiiacopcei as. 

Characters. — ^The half-ripe fruits are about 6 to 8 cm. in 
diameter and in general structure resemble an orange although 
the shape is rather more variable. The riiid. which is about 
3 mm. thick and very hard, encloses ten to tifteen cells each 
containing mucilaginous pulp and a number of immature 
hair>' seeds. The fresh fruit is aromatic and the pulp has an 
agreeable somewhat acid taste. 

The dried fruit is imported whole, in quarters, or transverse 
slices. The dried pulp is hard and adheres iirmh' to the rind. 
Sections of the rind sho^w an outer zone containing oil cells 
and an inner zone of sclerenchyma. 

Constituents. — The constituents of bael, apart from the 
mucilage, are virtually unknown. Although the drug is 
widely used in India for dyssrutcry and diarrhcea,no tannin- 
like Indies can be detected in the unripe fruits, but traces 
are found in the ripe fruit. 

Famih" 

A family of 30 genera and 150 s|^cies of shrubs or trees, 
many of which contain bitter principles. It differs from the 
Rutacese in that there are no oil glands. Cork arises super- 
ficiaHy. Aiiamikus gimndmiosa, Tree of Heaven, is widely 
cultivated and its leaves have been used to adulterate bella- 
donna and mint. 
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QUASSIA LIGNUM 

Quassia B.P. : Quassia Jamaica Quassia ; F. Bois 

tie Quassie dc la Jamaique : G. Jamaica Quassiaholz 

Source .-“CJfficial quassia is the stem wood ol Picrccna excelsa 
) LiiidL {Picrasma excel sa (Sw.) Planchon *), w^Mch is 
known in commerce as Jamaica quassia. This wood is also 
used in America, but most Continental pharmacopoeias prefer 
to include the wood of Quassia amara Linn., which is known as 
Surinam quassia, Picrfcna excelsa is a tree 15 to 20 metres 
%vhich grows in the W'est Indies (Jamaica, Guadeloupe, 
Martinique. Barbadoes. and St. Vincent). Quassia amara is 
a shrub i to 2 metres high which growls in the Gtiianas, northern 
Brazil, and Venezuela. 

History. — Surinam quassia was introduced into medicine 
by a negro of the name of Quassi about the middle of the 
eighteenth century. This quassia, which consisted of the 
wood, bark, and roots, w*as introduced into the London 
Fharmacoixeia of 1778 but w’as superseded by the wood of 
Picnena excelsa in the edition of 1809. 

Macroscopical Characters. — Quassia occurs in logs, chips, or 
raspings. The logs are of variable length and up to 30 cm. in 
diameter (those of Surinam quassia never exceed 10 cm. in 
diameter I . The logs are covered with a dark grey cork which 
readih" se|ia rates from the phloem. The wood is at first 
wdiitish but becomes yellow’ on exposure. It frequently shows 
blackish markings owing to the presence of a fungus. The logs 
split readily and the commercial chips, which are cut across 
the grain, break veiy’ readily into smaller fragments. The 
drug has no odour but an intensely hitter taste. 

The commerdai chips usually contain bark in addition to 
the m’€M>d. Examined in ultra-violet light, the cork shows 
blue and yellow’ patches on a velvety brown background ; 
the pMoem fluoresces an intense greyish-white ; the regions 
attacked by fim,gus become violet, and the false annual rings 
(sec below”) become ver>’ distinct and fluoresce a much brighter 
yellow than the remainder of the wood. 

McrMcnpical Characters. — transverse section of quassia 
(Fig. 146) show^s medullary rays, which are mostly 2 to 5 cells 
wide. Interrupted tangential bands of woM parenchyma, 

♦ have httn used aad P'icrasmm excelsa is the one given 

in Th PBurwimxie and Rendie's Classijicstitm of Flowering 

Pirn mi 3. 
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which are known as false annual riiii^s, alternate with !)aiicls 
of wocMi fibres and vessels. In many of the cells of the wood 
fiarencliytna are prisms of calcitini r^xalate, each alxuit 
long and enclosed in a clelicate nieinbraiie. Tiie vessels are 
large and occur singly <jr in gTon]is of two to eleven wiiicii 
extend fniiii one inethillary ray to the next. 

Radial and tangential longitudinal sections show that the 
medullary rays are mostly from ten to fifteen cells liigli ; that 
the wood fibres are It mg and fine! 3' pointed ; and that the 
vessels have finely pitted walls. Starch grains are few : mostly 



Fig. 146. — Transvensc section of Jamaica quassia wood { Sutcliffe 

simple, spherical and about 5~i5p ; occasionally 2-comf)oiiiid. 
For pow'der, see p. 108. 

(fenstitiieafe. — ^The coastittients of quassia appear to require 
furtber inv^tigation. According to Massute {i8(^) the drag 
contains three crystaJline bitter princriples, namely, a-picrasmin, 
Cm.p. 204°), ^-picrasmiu, C36H48O10 (m.p. 209° to 
212®), and a smaH amount of a third of the formula 
(m.p. 212® to 216®). Quassia also contains a substance wluch 
giV'es a strong blue fltioiresceiice to acidified alcohol. It yields 
about 6-3 to 9-fi per cent, of aqueous extract. Tannin is 
alieeiit. 

Brags. — Suraiam quassia occurs in smaller billets than 
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those of J amaica quassia. The medullary rays are only one or 
two cells wide but up to thirty cells deep. Calcium oxalate 
is absent. The drug contains a mixture of bitter principles 
termed ‘'quassin'’ and a fluorescent iminciple. The fluores- 
cence resembles that of the Jamaica drug. 

Uses. — Quassia is used as a bitter tonic and as an insecticide. 

Family BUESERACEflBJ 

The Burseracese includes 13 genera and about 400 species. 
It is well represented in North-East Africa, Arabia, and 
tropical America. The leaves, like those of the Rutaceae, 
are gland-dotted, and a disc is present between the stamens 
and the ovary. Cork arises superficially. Oleo- resin canals 
are found in the bast and, in some species of Boswellia and 
Canarium, in the pith. Of medicinal interest are Commiphora 
molniol (myrrh), C. erythcea var. glahrescens (perfumed bdellium) 
Boswellia Carterii (olibanum), B. Frereana (East African elemi), 
Canarium luzonicuni (Manila elemi), Brotium heptaphyllum 
(Brazilian elemi), Amyris Plumerii (Yucatan elemi) and 
A. halsamifera (West Indian Sandal wood). 

Olibanum: Frankincense. — OHbanum is an oleo-gum-resin 
obtained by incision from the bark of Boswellia Carterii and 
other species of Boswellia, small trees indigenous to North- 
Eastern Africa and Arabia. The drug occurs in more or less 
ovoid tears, 5 to 25 mm. long, which are sometimes stuck 
together. The surface is dusty and of a yellowish, bluish or 
greenish tint. Fracture, brittle ; inner surface, waxy and 
semi-translucent. Odour, characteristic, especially when 
burned ; taste, slightly bitter. The drug contains 3 to 8 per 
cent, of volatile oil, about 60 to 70 per cent, of resin and 27 to 
35 per cent, of gum. It is used in incense and fumigating 
preparations. 

MYRRHA 

Myrrha, B.P. ; Myrrh, Arabian or Somali Myrrh ; 

F. Myrrhe ; G. Myrrha 

Source. — ^Myrrh is an oleo-gum-resin, obtained from Commi- 
phora molmol Engler {Commiphora Myrrha Holmes), and 
possibly other species of Commiphora. Commiphora molmol, 
the Dhidin tree, is a tree about 3 metres high of crippled '' 
appearance growing in North-East Africa and Arabia. Two 
other species. Commiphora ahyssinica Engl, and C. Schimperi 
Engl., both of which may attain a height of 10 metres, grow 
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in Arabia and Abyssinia. The drug is chiefly collected in 
Somaliland and sent to Aden, whence it reaches Tondon 
either direct or via Bombay. 

History. — Products of the myrrh t3pe were well known to 
the ancients under the names of Bola, Bal, or Bol. The drug 
is still known to the Indian traders as Heerabol/' while the 
Somalis call it Mulmul or “ Ogo/' The name myrrh is 
probably derived from the Arabic and Hebrew’ w’ord Mur, 



-Bags of Myrrh sorts in the Cutler Street Drug Warehouse 
[Chemist and Druggist). 


W’^hich means bitter. Many references occur in the Old 
Testament, but the product was apparently that derived from 
C. erythcBa var. glabrescens, which is known to the Somalis as 
Habbak hadi,” and in commerce as perfumed bdellium or 
bissabol. 

Cuban myrrh, which is produced from trees of the Somali 
coast area known as the Cuban, is rather oily and is regarded 
as inferior to the more powdery ogo produced further 
inland. The latter variety corresponds to “ good Aden 
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Collection. — ^Almost all members of the Burseraceae possess 
in their phloem oleo-resin canals, which are formed schizogen- 
ously and may afterguards unite with one another to form 
schizolysigenous cavities. This occurs in the species of 
Commiphora. Much of the secretion is obtained by spontaneous 
exudation from the cracks and fissures which commonly form in 
the bark, and some is obtained from incisions made by the 
Somalis. The yellowish- white, viscous fluid soon hardens in the 
great heat to reddish-brown masses, which are collected by 
the Somalis in goatskins. As the natives collect bdelliums 
and gums at the same time, these frequently And their way 
into the drug and have subsequently to be picked out. The 
drug is usually sent from Aden in sacks (see Fig. 147). 

Characters. — M3urh occurs in somewhat irregular tears or 
masses weighing up to about 250 G. The surface is reddish- 
brown or reddish-3^ellow’ in colour and powdery. The drug 
fractures and powders readil3^, the freshly exposed surface 
being of a rich brown colour and oil3^. Whitish marks are 
sometimes seen, and thin splinters are translucent. Myrrh 
has an aromatic odour and an aromatic, bitter, and acrid taste. 

My'rrh forms a 3-'ellowish emulsion when triturated with 
water. When extracted with alcohol (90 per cent.), as in the 
preparation of Tincture of Myrrh, a wlfitish mass of gum and 
impurities remains. The alcohol-insoluble matter should not 
exceed 70 per cent. Tump myrrh usually yields not more 
than 5 per cent, of ash, but the commercial powdered drug 
frequently ydelds more. 

Myrrh may be distinguished from perfumed bdellium and 
similar products by allowing an ethereal extract of the drug 
to evaporate to dryness and passing the vapour of bromine 
over the resinous film produced. A violet colour is given by 
genuine myrrh but not by bdellium. 

Constituents. — ^Myrrh contains 3 to 10 per cent, of volatile 
oil, 25 to 40 per cent, of resin, 50 to 60 per cent, of gum and a 
variable amount of moisture and impurities. 

The volatile oil is laevorotatory and contains terpenes, 
sesquiterpenes, esters, cuminic aldehyde and eugenol. It 
readily resinifies and then gives a violet colour with bromine. 

By means of ether the resin may be divided into a larger, 
ether-soluble portion and a smaller, ether-insoluble portion. 
According to Friedrichs (1907), it consists of ether-soluble 
resin acids (a~, and y-commiphoric acids), ether-insoluble 
resin acids, resenes, and complex phenolic compounds. 
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The gum is of the acacia t^^pe and yields arabinose as a 
product of hydrolysis. It is associated with an osy’^dase. 

Allied Drugs. — ^Four different varieties of “ bdellium are 
recognised by Holmes. Of these, perfumed or scented bdellium 
or bissabol is probably derived from C. erythcea var. glabrescens. 
It resembles soft m^^rrh in appearance but is easily distin- 
guished from it hy the more aromatic odour and by the 
fact that it does not give a violet colour with the bromine 
test. Hotai bdellium or gum hotai is opaque and odourless ; 
it contains a saponin and is used for washing the hair. 

Uses. — ^IVIyrrh is used in incense and perfumes, hike many 
other resins it has local stimulant and antiseptic properties. 
It is chiefly emplo3’ed in medicine in the form of a mouth 
wash. 


Order POLYGALALES 

An order consisting of the family Polygalaceae, the 
systematic position of which is somewhat doubtful. 

Family POLYGALACEAE 

A family of lo genera and about 680 species, of which 450 
belong to the genus Polygala. The family is represented in 
Britain b^" the milkwort. Poly gal a vulgaris. The genus 
Krameria is sometimes included in this family (see 
heguminosse) . 


SENEGAE RADIX 

Senega, B.P. ; Senega Root ; F. Racine de Senega ; 

G. Senegawiirzel 

Source. — Senega consists of the dried rootstock and root of 
Poly gala Senega Finn., a perennial herb about 20 to 30 cm. 
in height. The plants have gradually disappeared from 
Eastern Canada and the Eastern U.S.A., where they were 
formerly abundant, and collection now takes place further 
westward- The annual consumption of the drug is about 
500,000 lb., some 90 per cent, of which comes from the western 
provinces of Canada. 

History. — Senega was used by the North American Indians 
as a snake-bite remedy. It was employed by Tennent in 
1734 for pleurisy and pneumonia, and its value was made 
known in London in 1738. 
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Macroscopical Characters. — Senega occurs in pieces 5 to 
20 cm. long and 2 to 12 mm. in diameter. The lower part is 
yellowish in colour but the crown is somewhat darker. The 
latter is knotty and bears numerous, often purplish, buds and 
the remains of aerial stems. The stems should not form more 
than 5 per cent, of the drug. The tapering and often curved 
root frequently divides into two or more branches. Some, 
but by no means all, of the pieces bear a keel or ridge in the 
form of a rapidly descending spiral (Fig. 148). The drug 
frequently has a marked odour of methyl salicylate. Taste, 
at first sweet, afterwards acrid. The saponins present cause 





Fig. 148 . — Polygala Senega, A, roots ; B, transverse section of root, 
showing keel and wedges of parenchyma. 


the drug to have sternutatory properties and to froth when 
shaken with water. 

Microscopical Characters. — ^Transverse sections of different 
senega roots have widely different appearances. Some have 
a normal bark, which occupies nearly half the radius, and a 
uniform central wood with narrow medullary rays. In others, 
however, an abnormal local development of phloem gives rise 
to the keel, while one or more exceptionally wide, V-shaped, 
medullary rays give a very characteristic appearance to the 
wood. This is well seen in sections stained with phloroglucinol 
and h^’^drochloric acid. The parenchyma contains small 
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globules of oil, but starch and calcium oxalate are absent. The 
wood is composed of small vessels ; bast fibres and sclerencliy- 
matous cells are absent. 

Constitueiits. — Senega contains an acid saponin, polygalic 
acid, and a neutral saponin, senegin. These are said to be 
present only in the bark. The drug also contains 0*25 to 
0*30 per cent, of method salicylate and about 5 per cent, of 
fixed oil. The method salicylate is probably produced from 
a glycoside, possibly the one of wliich Kain (i8g8) obtained 
indications. Senega yields about 4 per cent, of ash. 

Varieties. — In addition to the Western Senega described 
above, the following are used, particularly in America. 

Northern Senega is derived from P. Senega var. laiifolia, and 
is collected in the Western U.S.A. The root is somewhat 
larger, darker in colour, and less markedly keeled than the 
Hast Canadian drug. 

Southern or White Senega is collected in the Southern U.S.A. 
from P. alba Nutt, and P. Boykini Nutt. The roots are smaller 
than those of Polygala Senega and have a normal wood. 
They appear to be less active than the official drug but are 
employed in the U.S.A. 

Uses. — Senega is used as a stimrilant expectorant in chronic 
bronchitis. It is often prescribed with other expectorants 
such as ipecacuanha and ammonium carbonate. 

Order CELASTRALES 

An order including the Aquifoliaceae and Celastraceac. 

Eamily AQUIFOUACE^ 

A family of three genera and 287 species, most of which 
belong to the genus Ilex (holly). 

MATE FOLIA 

M ate ; Yerba Mate ; Paraguay T ea 

Source. — ^Mate consists of the dried and cured leaves of Ilex 
paraguensis and other species of Ilex, small trees or shrubs 
indigenous to the region where the Argentine, Paraguay and 
Brazil meet. The drug is obtained partly from wild plants, 
e.g. in Brazil, and partly from cultivated ones, which are 
extensively grown in the Argentine. 

Collection and Preparation. — The branches are cut when the 
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fruits are ripe and “ toasted '' for a moment over a fire until 
they show blisters. The leaves are then separated and spread 
on a platform over a small wood fire for about 24 to 36 hours. 
They are then reduced to a coarse powder and put into sacks 
(formerly into hide serous), in which the leaf should be allowed 
to mature for at least a year. Rapid drying in ovens, although 
sometimes practised, gives an inferior product. 

Characters. — ^The whole leaves, although seldom seen in 
commerce, are shortly petiolate, ovate or oblong-lanceolate, 
5 to 15 cm. long, and dark green to yellowish-green in colour. 
They have a crenate-serrate margin and coriaceous texture. 
The commercial drug consists of fragments of leaf with a 
vaiiable amount of “ stalk.'' It has a characteiistic odour and 
a somewhat bitterish taste. 

Constituents and Uses. — ^Mate contains about 0*2 to 2 per 
cent, of caffeine and about 7 per cent, of astringent substances, 
such as chlorogenic acid (caff eotannic acid) , and a little volatile 
oil. It is said to be ver\^ rich in vitamins. Mate tea is very 
widely used in South America and its consumiotion in Kurope 
and America is increasing. 

Family CELASTRACEiE 

A famil3^ containing 45 genera and 450 species. Repre- 
sented in Britain b^^ the Spindle-tree, Etwnymii^ europcea. 


EUONYMI CORTEX 

Enonymus or Wahoo Bark ; F. Pcorcc Ed’vonymus ; 

G. Spindlehatimrinde 

The euonymus bark formerly official was the root bark of 
Euonymus atropurpureus, a shrub grown in the Eastern IJ.S.A. 
The stem bark is also used in medicine. 

The root bark occurs in quilled or curved pieces up to 
7 cm. long, 12 mm. wide, and 4 mm. thick. The outer surface 
is covered with a light grey cork, which often bears earth. 
The inner surface is a pale tawny-white and sometimes has 
fragments of ^^ellow wood adhering to it. If the bark is 
broken and the pieces are carefully drawn apart strands of a 
rubber-like substance are seen. These are produced by latex 
cells in the phloem. 

The stem bark contains chlorophyll and bast fibres, both 
of which are absent from the root bark. 
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Buom’-mus contains cr\’stalline alcohols (dnlcitol, euonyniol, 
etc.) and resin. The drug has been emplo3"ed for its cathartic 
action but is now httle used. 


Order RHAMNALES 

An order resembling the Celastrales. It contains the 
families Rhamnacese and Vitacese. 


Family RHAMNACE3E 

A family containing 45 genera and 500 species. It is 
represented in Britain by Rhamnus Frangida (Alder Buckthorn) 
and Rhamnus cathartica (Buckthorn). 


RHAMNI PURSHIAN^ CORTEX 

Cascara Sagrada, B,P, ; Cascara Bark, Sacred Bark, Chittem 
Bark ; F. Scarce Sacree ; G. Sagradarinde 

Source. — Official cascara sagrada is the dried bark of 
Rhamnus Purshiana DC., which is stored for at least one year 
before being used. The bark is collected from trees, which 
are 6 to 18 metres high, grown on the Pacific coast of North 
America (British Columbia, Washington, Oregon, and 
California). The drug was formerly collected from wild trees 
growing in the U.S.A., but as these became somewhat depleted 
an increasing quantity was obtained from British Columbia. 
Systematic cultivation is now carried on both in America and 
in Kenya. 

History. — ^Few of the present generation of pharmacists 
reahse that cascara is a drug of comparatively recent intro- 
duction into modem medicine. According to tradition a 
cascara, probably R, calif arnica, was known to the early 
Mexican and Spanish priests of California. Rhamnus 
Purshiana, however, w?'as not described until 1805 and its 
bark was not introduced into medicine until 1877. 

The common, Ftiropean buckthorn was well known to the 
Anglo-Saxons ; its berries were official in the Bondon 
Pharmacopoeia of 1650. 

Collection and Storage. — The bark is collected from mid- 
April to the end of August, when it separates readily from the 
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wood. Ivongitudinal incisions about 2 to 4 inches apart are 
first made in the trunk and the bark removed. The tree is 
then usuall}- felled and the branch bark separated. The pieces 
are dried in the shade with the cork uppeimost. When dry, 
the bark is placed in sacks (Fig. 149), being usually broken 
somewhat to reduce bulk. During preparation and storage 
the bark must be protected from rain and damjp, or partial 
extraction of the constituents may occur or the bark become 
moulds’'. The bark must be kept for at least one year before 
use, and it increases in medicinal value and price until it is 



Fig. 149. — Cascara in store (Boots Pure Drug Co., Ltd.). 


about four years old. The age is usually taken from the date 
of its arrival in Tondon, which is marked on the bales. Many 
firms prefer to use bark which has been stored for considerably 
more than one year. 

Macroscopical Chaxacters. — ^The bark occurs in quills, 
channelled or nearly flat pieces. All of these forms may 
attain 20 cm. in length and are from 1 to 4 mm. thick, the 
thiimer bark being most esteemed.* The flat strips from the 
trunk are usually much wider (up to 10 cm.) than the quills 
or chaimeHed pieces (about 5 to 20 mm.) obtained from the 
branches. 

* The bark now being imported from Kenya is from young trees and is 
under i mm. thick. See Bull. Imp. Inst,, 1937, 35 , 424. 
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Cascara bears a somewbat patcby, silvery-grey coat of 
lichens. Pieces bearing moss are also quite common. Between 
the patches of hciien may be seen a smooth, dark purplish- 
brown cork marked with lighter coloured, transversely 
elongated lenticels. On scraping the cork no bright purple 
inner cork is disclosed (distinction from jR. Frangtda), The 
inner surface is dull purplish-brown to black, striated longi- 
tudinall^-, and somewhat corrugated transversely. The frac- 
ture is short and granular in the outer part, but somewhat 
fibrous in the phloem. In the yellowish-brown cortex and 
phloem lighter groups of sclerenchymatous cells and bast fibres 
may be seen with a lens. They may be made more distinct by 
staining with phloroglucinol and hydrochloric acid. Odour, 
slight ; taste, bitter. 

Microscopical Characters. — A transverse section of cascara 
bark (Fig. 150) shows a partial coat of whitish lichen, some 
ten or more rows of cork cells with reddish-brown contents, 
and a cortex consisting of collenchyma, parenchyma, and large 
groups of sclerench3miatous cells. The latter are also fotmd 
in the outer part of the phloem. The phloem consists of 
numerous alternating zones of hard and soft bast. 

The cortex contains chloroplasts and small starch grains 
produced by them. Many of the parenchymatous cells 
contain a yellow substance, which is coloured violet by alkalis. 
Rosette crystals of calcium oxalate are abundant, and cells 
containing prisms of calcium oxalate form a sheath round the 
bast fibres. The latter are best seen in longitudinal section 
or in the powder. The sieve tubes are best observed after 
staining the callus of the obliquely-placed sieve plates by 
means of Alkaline Solution of Cor allin. Fragments of moss 
leaves are usually found in the powder (see p. no). 

Constituents, — Cascara contains emodin and other anthra- 
quinone derivatives, but our knowledge of the latter is very 
incomplete. Ounton and Beal (1922) found 3*8i per cent. 
of total anthraquinones of which i-ii per cent, were in the 
free state. In frangula bark the same workers found 3*77 per 
cent, and 1-14 per cent, respectively of total and free 
anthraquinones. Glycosides, apparently analogous to those 
of frangula bark, have been reported but do not appear to 
have been obtained in a pure state. 

The nn mat ured drug has a more griping effect than that 
which has been stored. Meier and he Roy Webber (1888) 
suggested that this undesirable effect is produced by an 
29 
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enzyme which exhausts itself .during storage, but it seems more 
reasonable to suppose that the enzyme brings about some 
change resembling that of the conversion of glucofrangulin 
into frangulin. The glucose reported to be present may be 
formed in this way. No chemical difference has, however, 
been shown between one-year-old bark and that which has 
been stored for three years, but a thorough chemical examina- 
tion of bark stabilised immediately after collection might be 
more successful. 
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IG. 150 A, bark of Rhamnus Purshiana ; B, transverse section of same. 

cork; 2 group of sclerenchymatous cells; 3, groups of 

The bitter taste is much reduced by treating cascara 
alkalis, alkaline earths, or magnesium oxide 
(cf. Ehxir of Cascara Sagrada B.P.). THs is said to be due 
to the conversion of a bitter lactone into less bitter salts. 
The drug yields about 27 per cent, of aqueous extract and 
5 per cent, of ash.* 

* Recent s^ples of Kenya drug have yielded 25*3 to 27*2 per cent of 
aqueous extractive and 4*7 to 7-6 per cent, of ash. 7 per cent, ot 
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Substitutes. — Several species of Rhamnus bave a similar 
geograpMcal distribution to that of R, Purshiana, These 
include R, alnifolia, which is too rare to be a likely substitute, 
R. crocea, whose bark bears little resemblance to the official 
drug, and R. calif ornica Esch. The latter is so closely related 
to R, Purshiana that some botanists do not divide them 
into separate species. The plant appears to have a much more 
southerly distribution than the typical R, Purshiana and is 
therefore unlikely to occur in bark of Canadian origin. It 
has a more uniform coat of lichens and wider medullary rays 
than the official species, but resembles the latter in having 
sclerenchymatous cells. Details of a colour test for dis^ 
tinguishing this species are given in the U.S. Dispensatory. 

Uses. — Cascara is a valuable laxative. Targe doses, how- 
ever, are said to produce an inflammatory condition of the 
bowel. 


RHAMNI FRANGUL^E CORTEX 

Alder Buckthorn Bark, Frangula Bark ; F. iScorce de 
Bourdaine ; G. Faulbaumrinde 

Source. — ^Alder buckthorn bark is obtained from Rhamnus 
Frangula, a shrub from 3 to 5 metres high found in Britain 
and Europe. The plant differs from the common buckthorn, 
R, caihartica, in that it does not possess thorns ; it bears 
dark purple berries, which have long been used in medicine. 

Characters, — ^The bark occurs in single or double quills 
which are usually of smaller size than those of cascara and 
about 0*5 to I mm. thick. It has a purpHsh cork and whitish 
lenticels. On removing the outer cork cells by scraping a 
dark crimson inner cork is exposed. The transverse section 
closely resembles that of cascara, but groups of sclerenchy- 
matous cells are absent. 

Constituents. — Casparis and Maeder (1Q25) isolated about 
6 per cent, of an amorphous rhamno-glucoside, glucofrangulin, 
which appears to lose glucose during the drying and storage 
of the drug- Its decomposition product, frangulin, has long 
been known as a constituent of the bark. Frangulin is a 
rhamnoside which occurs in yellow needles (m.p. 228*^ to 230°). 
On hydrolysis it yields rhamnose and frangula-emodin (emodin). 
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I : 6 : 8“trihydroxy-3-metliylantliraqiiinone. The 
hydrolysis of glucofrangulin may be represented : — 


complete 


C27II30OJ4 

H^O 

— C6II12O6 

Glucofrangulin 


Glucose 

^ 2 lll 20^9 

H2O 

= CgHiaOs 

Frangulin 


Rhamnose 


Frangnlin 










Fig. 15 1. — ^A, baxk of Rhamnus Frangula ; B, transverse section of same. 

I, cork ; 2, bundles of bast fibres ; 3, medullary rays ; 4, crystals of 

calcium oxalate. (A Newman, B after Gilg.) 

Frangulin and frangula-emodin do not appear to be 
sufficiently active to account for the full laxative action of tbe 
drug. F rangula bark when fresh is a gastro-intestinal irritant 
and may produce vomiting, but loses this property on dr 3 dng 
and storage. It is rather more pleasant in taste than cascara, 
but less certain in its action. 

Allied Drugs. — The common buckthorn, R. cathartica, has a 
glossy reddish- or greenish-brown cork and does not possess 
stone cells. It contains frangula-emodin and a glycoside. 
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rhammcoside, wMcii ^delds on hydrolysis rhamnicogenol (an 
antkraqninone derivative), glucose and xylose (Bridel and 
Chareux, 1924). It also contains a fluorescent substance. 

The bark of R, carniolica has a dull reddish cork and 
differs from frangula bark in that it possesses sclerenchymatous 
cells and has wider medullairy rays. 

Order ROSALES 

A large order including the families Crassulaceae, Saxi- 
fragacese, Hamamelidaceae, Rosacese, and Leguminosse. The 
flowers are usually hermaphrodite (rarely bisexual by abortion, 
e.g. kousso flowers) ; h^-pogynous, perigynous, or epigynous. 
The sepals and petals are usually free ; stamens and carpels 
free or united. 

Family HAMAMELTOACEiE 

A family of about 18 genera and 50 species of trees and 
shrubs. The Witch Hazel is commonly cultivated for its 
showy yellow flowers. 

HAMAMELIDIS FOLIA 

Hamamelis, B,P. ; Witch Hazel Leaves ; F. Feuilles de 
Hamamelis de Virgine ; Q. Hamamelishldtter 

Source. — ^Hamamelis consists of 
the dried leaves of Hamamelis 
virginiana, a shrub or small tree 
from 2 to 5 metres in height which is 
widely distributed in Canada and 
the U.S.A. 

Macroscopical Characters. — The 
leaves are shortly petiolate, 7 to 15 
cm. long, and broadly oval to ovate 
in shape; base asymmetrically cor- 
date, apex acute. The lamina is dark 
brownish-green to green in colour, 
and very papery in texture. The 
venation is pinnate and the margin — Hamamehs v%r- 

crenate or smuate-dentate. The ^3 af^er Sargent), 
veins are very conspicuous on the 

lower surface ; they leave the midrib at an acute angle and 
run straight to the margin where they terminate in a marginal 
crenation. Odour, slight ; taste, astringent and bitter. 
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Microscopical Characters. — ^The drug has very distinctive 
microscopical characters. These include characteristic stomata 
present on the lower surface only, very large Ugnified idioblasts, 
crj’stal cells accompanying the pericychc fibres, tannin con- 
taining cells and, especially in young leaves, stellate hairs. 
The calcium oxalate is in monoclinic prisms lo to 35p. long. 



Fig. 153. — A commercial hamamelis leaf (Newman). 

Tlie stellate hairs consist of 4 to 12 cells united at the base. 
Bach cell is thick- walled and up to 500^6 in length. 

Constituents. — ^The constituents of the leaves have not been 
as completely investigated as those of witch-hazel bark. Both 
drugs on extraction with alcohol yield a tannin-containing 
dry extract known as “ hamamelin.'" Colour tests indicate 
the presence of a gallitannin, free gallic acid, and a 
phlobatannin. The gallitannin of witch - hazel, which is 
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known as liamamelitannin, lias been prepared in a crystalline 
form (Freudenberg, 1919), It appears to be derived from gallic 
acid and a sugar related to the hexoses (Freudenberg and 
Peters, 1920). 

Wrhen fresh hamamelis leaves are distilled with water the 
distillate has a distinct aroma, which is probably due to some 
decomposition product. 

Uses. — ^Hamamelis owes its astringent and haemostatic 
properties to the tannins. An extract is therefore a more 
active preparation than one prepared by distillation. 

Allied Drug. — ^Hamamelis bark occurs in curved or 
channelled pieces vrhich seldom exceed 10 cm. in length or 
2 cm. in width. The bark is silvery grey and smooth, or 
dark grey and scaly. The inner surface is pinkish and often 
bears fragments of whitish wood. Sections show a cortex 
containing prismatic crystals of calcium oxalate, a complete 
ring of sclerench^’matous cells, and groups of bast fibres. 
The bark contains about 6 per cent, of taimin, consisting of 
cr3’stalline hamamelitannin and smaller quantities of 
amorphous phlobatannin and free gallic acid. 


STYRAX 

Sty rax, B.P. ; Prepared Storax ; Storax ; F. Styrax 
Liquide ; G. Flusstger Storax 

Source. — Storax is a balsam obtained from the wounded 
trunk of Liquidamhar orientalis, and subsequently purified. 
All the species of Liquidamhar and of the related genus AUingia 
yield balsams, but the most esteemed is that obtained from 
the above species, a tree up to 14 metres in height found in the 
south-west of Asia Minor. 

Collection and Preparation. — The stems normally possess 
resin ducts of schizolysigenous origin in the pith near to the 
protoxylem groups, but none are present in the bark. It 
has been shown by MoUer and Planddon (1896) that as a result 
of injury schizolysigenous ducts and cavities are produced 
in the new wood and that the balsam permeates from these 
into the bark. The drug is, therefore, of purely pathological 
origin. 

In the early summer the bark is injured by bruising or by 
•making indsions. This causes the cambium to produce new 
wood with balsam-secreting ducts and cavities. After a time 
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the outer bark may be pared off, or the whole bark may be 
left until the autumn, when it is removed. The pieces of bark 
are pressed in horse-hair bags, first in the cold and again 
after steeping in hot water. Sometimes the bark is boiled 
with water and again pressed. The exhausted bark is used 
in the Bast for fumigation. The crude or liquid storax is 
exported in casks from Smyrna or other convenient ports, 

Storax of the Pharmacopoeia is obtained by dissolving the 
crude balsam in alcohol, filtering, and recovering the solvent 
at as low a temperature as possible so as not to lose any of the 
volatile constituents. The alcohol-insoluble matter consists 
of vegetable debris and a resin. 

Characters. — Crude storax is a greyish, viscous liquid with 
a pleasant odour and bitter taste. It usually contains about 
20 to 30 per cent, of water. About 82 to 87 per cent, is 
alcohol-soluble. 

Purified storax forms a brown, viscous, semi-solid mass 
which loses not more than 5 per cent, of its weight when 
dried on a water bath for one hour. It is completely soluble 
in alcohol and in ether. Storax has a characteristic balsamic 
odour and taste. 

Constituents. — Storax is very rich in free and combined 
cinnamic acid. After purification it yields from 30 to 47 per 
cent, of total balsamic acids. The Pharmacopoeia should be 
consulted for the method of estimating these and for the acid 
value and other chemical constants. 

By steam distillation storax 3delds an oily liquid containing 
phenylethylene (styrene), CeHs.CH : CH2, cinnamic esters, 
vanillin, and free cinnamic acid. The resinous portion of the 
drug consists of storesinol, an amorphous, white substance, 
which is present both free and combined with cinnamic acid. 
According to Bvers,* A good specimen of storax contains 
about 23 per cent, of free cinnamic acid, 22 per cent, of aromatic 
esters, 2 per cent, of vanillin and styrene, and 36 per cent, of 
resin.” 

The presence of cinnamic acid in the drug is shown by 
boiling with a solution of potassium dichromaf e and sulphuric 
acid, when an odour of benzaldehyde is noticed. 

AUied Dnig.^ — ^American storax or sweet gum resembles the 
ofBicial storax in constituents. It is obtained from Liquidambar 
styraciflua grown in the U.S.A. It is employed in that country 


* Evens, The Chemistry of Drugs (1933), p. 188. 
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and was in considerable demand during tbe war when tbe 
Turkish drug was not available. 

Uses. — Storax is chiefly used in the preparation of Friar’s 
Balsam. 


Family BOSACKffi 

A family which includes about 90 genera and 2,000 species 
of herbs, shrubs, and trees. The leaves are simple (e.g. 
Primus) or compound {c,g. Rosa), Considerable variety exists 
in the flowers and fruits. There are no anatomical features 
characteristic of the family as a whole, and the various sub- 
families frequently show differences in stomata! arrangement, 
origin of cork, etc. 

The occurrence of saponins and cyanogenetic glycosides is 
noteworthy. The latter yield hydrocyanic acid under the 
influence of enz3’'mes present in the plant. The following 
scheme showing the relationship of some cyanogenetic glyco- 
sides may be found useful : — 


Glycosides of benzaldehyde cyanohydrin or mandeloniirile CgHs.CH<^ 


CN 


OH 


Series I 


Series II 


Formula — 


< 


CN 


(a) Berived from 
/-mandelonitrile* 


O.CeHioO^.O.CeHiiOs 

Amygdalin 


Ai'- 


CN 


partial 

hydrolysis 


I some\risation 

(b) Derived from enzyme in 

gf^-mandelonitrile I goamygd a hn 

yeast extract 

Fractional crystallisation 

(c) Derived from 4- 

J-mandelordtrile ^-amygdalin 


Pnmasin Glucose 
Isomerisation 
Prulaurasin ~j- Glucose 
Isomerisatton 
Samhunigrin + Glucose 


* tf-mandelonitrile is the nitrile of /f-mandelic acid and /-mandelonitrile 
the nitrile of l-mandelic acid. It so happens that rf’-mandelonitrile is 
laevorotatory, a fact which sometimes gives rise to confusion in the 
nomenclature of these compounds. 
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Cyanogenetic glycosides may be detected by the following 
tests : — 

1. Make a fresk solution of guaiacum resin in absolute 
alcohol ; soak filter paper in this and allow to dry. Moisten 
the filter paper with a very dilute solution of copper sulphate 
and place on it a freshly exposed surface of the drug. If hydro- 
cyanic acid is evolved a blue stain is produced on the paper. 
Kven drugs such as quince and hnseed, which contain little 
cyanogenetic glycoside, give a distinct reaction. 

2. Soak a strip of filter paper in a saturated solution of 
picric acid ; ahow to drain thoroughly, dip in a lo per cent, 
solution of sodium carbonate and again drain. This paper in 
the presence of hydrocyanic acid gradually turns brick-red. 
The drug to be tested is coarsely powdered, mixed with a little 
water in a flask and the test-paper trapped in the neck by means 
of a cork. Hydrolysis of the glycoside may be brought about 
by the enzyme which is usually present or, more rapidly, by 
the addition of acid. 

Cherry-laurel leaves are obtained from Prunus Lauro- 
cerasus, an evergreen shrub common in Burope. They were 
formerly ofiicial in the fresh state. The leaves are petiolate, 
oblong-lanceolate, and about 12 to 15 cm. long. The margin 
is recurved and serrated, the serrations being distantly arranged 
near the base but closer together near the apex. The latter is 
acuminate and recurved. The leaves are coriaceous ; the 
upper surface is dark green and the lower surface paler. The 
veins are prominent on the lower surface and near the base of 
the midrib are from one to five pale green spots (sugar glands), 
which turn brown when the leaves are dried. 

The leaves have little odour when entire but when crushed 
an odour of benzaldehyde is soon apparent and a positive 
test for cyanogenetic glycoside is obtained. Prulaurasin, the 
glucoside of ^/-mandelonitrile, is present. Its hydrolysis, and 
also that of prunasin (from Prunus serotina) and sambunigrin 
(from Sambucus nigra), may be represented : — 


c.Hj.ch/ 


CN 


O.C,Hi 
Prulaurasin 


lOh 


-hHaO 


CeHg.CHO -t HCN + 

Benzal- Hydro- Glucose 

deliyde cyanic 

acid 


These glucosides are always associated with enzymes 
capable of bringing about their hydrolysis. The enzyme of 
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cheny-latirel leaves is known as pninase. It was formerly 
thouglit that the glticoside and enzyme were stored in different 
cells, but Rosenthaler (1922) states that they are contained in 
the same cells. This is not surprising, since the enzyme is 
capable of both synthesising and decomposing the glticoside, 
and conditions in the undamaged plant cell are entirely 
changed by crushing the leaves. Fresh leaves yield about 
0*1 per cent, of hydrocyanic acid. 

Prunes are dried plums derived from Prunus domestic^ 
Finn. Of the many cultivated forms the var. Juliana de 
Candolle, which is largely grown in France, produces those 
commonly used in European medicine. Prunes of excellent 
quality are also produced in California. 

The appearance of prunes is too well known to require 
description. The pulp contains about 44 per cent, of sugars 
(mainly glucose), malic acid and water. The kernel 
contains 45 per cent, of fixed oil, and small quantities of 
amygdalin and benzoic acid. Prunes are used in Confection 
of Senna. 


PRUNI VIRGINIANS CORTEX 

Prunus Seroitna, B.P. ; Wild Cherry or Virginian Prune 
Bark ; F. £corce de Cerisier de Virginie ; G. Wildkir- 
schenrinde 

Source. — ^\Vild cherry bark is the dried bark of Prunus 
serotina Ehrh. (P. virginiana Miller non Finn.*), collected in the 
autumn, at which time it is most active. The plant is a shrub 
or tree widely distributed in Canada and the U.S.A., extending 
from Ontario to Florida and westward to Dakota and Texas. 

History. — ^The drug was introduced into American medicine 
about 1787 and first appeared in the U.S.P. in 1820. It 
first attracted notice in Britain about 1863. 

Collection and Preparation. — ^The bark is collected in the 
autumn. Part of the commercial drug consists of bark which 
has had the thin outer corky layers (“ borke *') removed, while 
part is rmpeeled- These varieties are known as rossed 
and “ nnrossed bark respectively. Root bark, which is even 

♦ P. sercdina is the black cherry of America, but collectors sometimes 
mistake for it the choke cherry, P. virginiana linn. 
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more active titan the stem bark, is also collected. The bark 
should be thoroughly dried and kept, if possible, m airtight 

containers. . 

Macroscopical Cliaracters. — 0[^lie drug usually occurs in curved 
or channelled pieces up to lo cm. in length, 5 cm. in width, and 
from 0-3 to 3-0 mm. in thickness (Fig. I54)- Much larger 
pieces of trunk bark, up to 8 mm. in thickness, may be met 
with but the thinner bark is preferred. The branch bark, if 



A B C 


Fig. 154. — Bark of Prunus seroHna,. A, outer surface ; B, inner surface ; 
C, transverse section, i, cork, 2, stone cells of the primary bark; 
3, stone cells of the secondary bark ; 4, medullary ray. (C after Thoms, 
Handbuch der Pharmazie.) 


unrossed, is covered with a thin, glossy, easily exfoliating, 
reddish-brown to brownish-black cork, which bears very 
conspicuous whitish lenticels. In the rossed bark pale buff- 
coloured lenticel scars are seen and the outer surface is some- 
what roughs some of the cortex having been removed and the 
phloem exposed. The inner surface is reddish-brown and has 



BOSACEJB 


461 


a striated and reticulately furrowed appearance, which is 
caused hy the distribution of the phloem and medullary^ rays. 
Patches of wood sometimes adhere to the inner surface. 'Phe 
drug breaks with a short, granular fracture. When slightly 
moist it has an odour of benzaldehyde. Taste, astringent and 
bitter. 

Bflicroscopical Characters. — ^The outermost region consists of 
numerous layers of veiy small cork cells. Groups of sclereids, 
the elements of which are often branched, occur in the 
primary and secondary cortex and in the phloem. A few 
pericyclic fibres are present but typical phloem fiLbres are 
absent- The sieve tissue is largely obHterated. Small starch 
grains occur in the outer chlorophyll-containing parenchyma. 
Prisms of calcium oxalate are abundant in the neighbourhood 
of the sclerenchymatous groups ; occasional cluster crystals 
are also found. 

Constituents. — Perot (1852) obtained from the fresh bark 
0*05 per cent, of hydrocyanic acid in April, o*i per cent, in 
June, and 0-14 per cent, in October. The commercial bark 
yields about 0*075 to o-i6 per cent. This is produced from 
the giucoside prunasin (/-mandelonitiile glucoside) by the 
action of an enzyme pmnase. pach molecule of glucoside 
yields one molecule each of glucose, benzaldehyde, and 
hydrocyanic acid. 

The bark also contains resins, one of which yields the 
fluorescent principle scopoletin on hydrolysis ; benzoic acid and 
volatile oil, probably produced from prunasin; j^-coumaric 
acid, and trimethylgalhc acid. The drug yields 3 to 6 per 
cent, of ash. 

Uses. — ^Wild cherry is mainly used in cough preparations, 
to wiiicb. it gives ruild sedative properties and a pleasant 
taste. 


OLEUM AMYGDALAE EXPRESSUM 

Oleum AmygdalcB, BJP, ; Almond Oil ; P. Huile d^Amandes ; 
G. Mandelol 

Source. — Almond oil is a fiLxed oil obtained by expression 
from the seeds of Prunus communis Arcang var. dulcis 
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more active than the stem bark, is also collected. The bark 
shotdd be thoroughly dried and kept, if possible, in airtight 
containers- 

Macroscopical Characters. — The drug usually occurs in curved 
or channelled pieces up to lo cm. in length, 5 cm. in width, and 
from 0*3 to 3-0 mm. in thickness (Fig. 154)* Much larger 
pieces of trunk bark, up to 8 mm. in thickness, may be met 
with but the thinner bark is preferred. The branch bark, if 




Fig. 154. — Bark of JPrunus seroHna. A, outer surface; B, luner surface; 
C, transverse section, i, cork, 2, stone cells of the primary bark; 
3, stone cells of the secondary bark ; 4, medullary ray. (C after Thoms, 
Handbuch der Pharmazie.) 


unrossed, is covered with a thin, glossy, easily exfoliating, 
reddish-brown to brownish-black cork, which bears very 
conspicuous whitish lenticels. In the rossed bark pale buff- 
coloured lenticel scars are seen and the outer surface is some- 
what rough, some of the cortex having been removed and the 
phloem exposed. The inner surface is reddish-brown and has 
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a striated and reticnlately furrowed appearance, wHcli is 
caused by the distribution of the phloem and medullary rays* 
Patches of wood sometimes adhere to the inner surface. The 
drug breaks with a short, granular fracture. When slightly 
moist it has an odour of benzaldehyde. Taste, astringent and 
bitter. 

Microscopical Characters. — The outermost region consists of 
numerous layers of very small cork cells. Groups of sclereids, 
the elements of which are often branched, occur in the 
primary and secondary cortex and in the phloem. A few 
pericyclic fibres are present but t3^ical phloem fibres are 
absent. The sieve tissue is largely obliterated. Small starch 
grains occur in the outer chlorophyll- containing parenchyma. 
Prisms of calcium oxalate are abundant in the neighbourhood 
of the sclerenchymatous groups ; occasional cluster crystals 
are also found. 

Constituents. — ^Perot (1852) obtained from the fresh bark 
0*05 per cent, of hydrocyanic acid in April, o*i per cent, in 
June, and 0*14 per cent, in October. The commercial bark 
yields about 0*075 cent. This is produced from 

the glucoside prunasin (/-mandelonitrile glucoside) by the 
action of an enzyme prunase. Each molecule of glucoside 
yields one molecule each of glucose, benzaldehyde, and 
hydrocyanic acid. 

The bark also contains resins, one of which yields the 
fluorescent principle scopoletin on hydrolysis ; benzoic acid and 
volatile oil, probably produced from prunasin ; _^-coumaric 
acid, and trimethylgallic acid. The drug yields 3 to 6 per 
cent, of ash. 

Uses. — ^Wild cherry is mainly used in cough preparations, 
to which it gives mild sedative properties and a pleasant 
taste. 


OLEUM AMYGDALiE EXPRESSUM 

Oleum AmygdalcB, B.P. ; Almond Oil ; F. Huile d’Amandes ; 
G. Mandeldl 

Source. — ^Almond oil is a fixed oil obtained by expression 
from the seeds of Prunus communis Arcang var. dulcis 
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Schneider (sweet almonds), or P. communis, var. amara (bitter 
almonds). The oil is mainly produced from almonds grown 
in the countries bordering the Mediterranean (Sicily, Italy, 
France, Spain, and N. Africa). 

Characters of Plants and Seeds. — ^Almond trees are about 
5 metres in height and the varieties, apart from differences in 
the seeds, are almost indistinguishable- The young fruits 
have a soft, felt-like pericarp, the inner part of which gradually 
becomes sclerenchymatous as the fruit ripens to form a pitted 
endocarp or shell. The shells, consisting mainly of sclerenchy- 
matous cells, are often ground and used to adulterate powdered 
drugs. 

The sweet almond is 2*o to 3*0 cm. in length, rounded at 
one end and pointed at the other. The bitter almond is 
1*5 to 2 cm. in length but of similar breadth to the sweet 
almond. Both varieties have a thin, cinnamon-brown testa, 
which is easily removed after soaking in warm water, a pro- 
cess which is known as blanching. The Jordan or Malaga 
almonds have a thinner and less scurfy testa than those of 
Valencia, Sicily, and N. Africa, which approach more closely 
in shape to bitter almonds. The oily kernel consists of two 
large, oily, plano-convex cotyledons, and a small plumule and 
radicle, the latter lying at the pointed end of the seed. Some 
almonds have the cotyledons of -unequal sizes and irregularly 
folded. Bitter almonds are sometimes found in samples of 
sweet almonds, particularly those of African origin ; their 
presence may be detected by the guaiacum resin test for 
cyanogenetic glycosides (p. 458). 

Constit-uents. — Both varieties o± almond contain from 40 to 
55 per cent, of fixed oil, about 20 per cent, of proteins, mucilage, 
and emulsin. The bitter almonds contain in addition about 
2*5 to 4-0 per cent, of the colourless, crystalline, cyanogenetic 
glycoside, amygdalin. 

Extraction of Oil . — Almond oil is obtained by grinding the 
seeds and expressing them in canvas bags between slightly 
heated iron plates. They are sometimes blanched before 
grinding, but this does not appear to be of any particular 
advantage. The oil is clarified by subsidence and :^tration. 

Pssential or volatile oil of (dmonds is obtained from the cake 
left after expressing bitter almonds. This is macerated with 
water for some hours to allow hydrolysis of the amygdalin 
to take place. The benzaldehyde and hydrocyanic acid are 
then separated by steam distillation. Amygdalin is decomposed 
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in two stages by tbe enzymes amygdalase and pranase found 
in emulsin : 

Amygdalin -f- HgO Prunasin -{- Glucose 

amygdalase 

Prunasin + HgO > Benzaldehyde -f- HCN -f- Glucose 

prunase 

Characters and Constituents of Almond Oil. — ^Almond oil is a 
pale yellow liquid with a slight odour and bland, nutty taste. 
It contains a considerable amount of olein with smaller 
quantities of the glycerides of linolic and other acids. 

For tests for purity the Pharmacopoeia should be consulted. 
The acid mixture used for testing for kernel oils '' is known 
as Bieber's reagent. 

Uses. — ^Almond oil is used in the preparation of many toilet 
articles, \nien taken internally it has a mild, laxative action. 

CYDONI^ SEMINA 

Quince Seeds ; F. P Spins de Going ; G*. Quittensamen 

Quince seeds are obtained from Pyrus Cydonia, a tree 
cultivated in South Africa, Central Europe, and the Tevant. 

The seeds are separated from the apple- or pear-shaped 
fruits and dried. They resemble apple pips and frequently 
adhere together in masses owing to their surface coating of 
dried mucilage. The latter is derived from the outer epidermis 
of the testa. 

Quince seeds contain about 20 per cent, of mucilage, 15 
per cent, of fixed oil, and a small quantity of a cyanogenetic 
glycoside and an enzyme which effects its hydrolysis. 

The seeds are used as an emulsifying agent and in the 
preparation of hair-fixing lotions. 

QUILLAI^ CORTEX 

Quillaia, B.P. ; Quillaia or Soap Bark, Panama Wood ; 

F. Ecorce de Quillaya ; G. Seifenrinde 

Source — Quillaia bark is the dried inner bark of Quillaja 
Saponaria and of other species of Quillaja* Quillaja 

*■ Some of the quillaia bark of commerce is said to be derived from 
Q. Pceppigii Walp. and Q. Smegmadermos DC. Microscopical examination 
undertaken by Cofman-Nicoresti and Tallantyre (1920) showed that the 
structure resembles that of Q, Saponaria so closely that they may well be 
regarded as varieties of this species. 
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Saponarid is a tree about i8 metres Mgli found in Chili, Peru, 
and Bolivia. It has been introduced into India and California. 
The generic name is derived from the Chilean word quillean, to 
wash, from the use made of the bark. 



Fig. 155 , — Quillaia Saponaria baxk. A, outer surface ; B, inner surface ; 
C, crystals of calcium oxalate ; D, transverse section, i, medullary 
ray ; 2, bast fibres ; 3, calcium oxalate ; 4, stone cell. (C and D after 
Oilg.) 

Macroscopical Characters. — ^Quillaia bark (Fig. 155) occurs 
in flat strips about i metre long, 20 cm. broad, and 3 to 10 mm. 
thick. It consists almost entirely of phloem, the outer region 
in which successive cork cambia develop having been more or 
less completely removed. A few, reddish- or blackish-brown 
patches of rhytidome adhere to the outer surface, which is 
otherwise of a brownish- white colour and reticulated. The 
inner surface is yeUowish-white and fairly smooth. The bark 
breaks with a splintery fracture and is inclined to laminate 
(between the zones of hard and soft bast). Targe crystals of 
calcium oxalate may be seen with the naked eye. The 
powdered drug is very sternutatory and produces an abundant 
froth when shaken with water. Taste, acrid and astringent. 

Microscopical Characters. — A transverse section of quillaia 
bark has a chequered appearance which is caused by the 
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crossing of the medtiHary rays by alternating bands of bard 
and soft bast. The medullary rays are usually two to four cells 
wide. Tbe bast fibres are tortuous and often accompanied 
by small groups of rectangular stone cells. Tbe parenchyma 
contains numerous starch grains up to in diameter and 
single crystals of calcium oxalate up to i6ojL£. in length. 

Constituents. — Quillaia contains an acid saponin, quillaic 
acid, and a neutral saponin, quillaia-sapotoxin. Commercial 
saponin '' is a more or less impure mixture of these substances. 
It dissolves in water but on boiling the solution with a little 
acid the saponins are hydrolysed and a precipitate of the 
sparingly soluble sapogenins forms. The hydrolysis has been 
represented : 



8H2O 

4 CeHi 206 

+ 

'^14112804 

Quillaic acid 


Glucose 


Quillaic sapogenin 

2C17II26O10 + 

yH^O 


+ 


Quillaia-sapotoxin 


Glucose 


Quillaia-sapotoxin 


sapogenin 


The drug also contains sugars, starch, and calcium oxalate. 
It yields not more than 15 per cent, of ash. 

Varieties. — ^In addition to the typical quillaia described 
above, a variety in quills and another in thin strips with a 
very reticulated surface have been imported. Whether these 
are derived from varieties of Q, Saponaria or from distinct 
species is at present unsettled. 

Uses. — Quillaia is used as an emulsifying agent, particularly 
for tars. 


OLEUM ROSiE 

Oil of Rose, Otto or Attar of Rose ; F. Essence de Rose ; 

G. Rosendl 

Source. — Oil of rose is a volatile oil obtained by distillation 
from the fresh flowers of the damask rose, Rosa damascena. 
The chief producing country is Bulgaria, but smaller quantities 
are prepared in the South of France and in Germany. 

Preparation. — The oil is prepared in copper alembic stills 
by the peasants or in large factories under careful scientific 
control. Some 3,000 parts of flowers yield only one part of 
oil. The oil is very expensive and very liable to adulteration. 
The " peasant distilled oil usually fetches a lower price than 
30 
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that produced in the larger works. The oil is exported in 
handsome metal “ vases ” covered with felt, ribbon in the 
Bulgarian colours, and customs seals. 

Characters and Constituents. — The oil is a pale yellow semi- 
soHd. The portion which is soHd at ordinary temperatures 
forms about 15 to 20 per cent, and consists of odourless 
stearoptene. The Hquid portion forms a clear solution with 
70 per cent, alcohol. It consists of the sesquiterpene alcohols 
geraniol and citronellol, with smaller quantities of esters and 
other odorous principles. Although the alcohols form about 
70 to 75 per cent, of the oil the odour is so modified by the 
other constituents that no artificial mixture of the known 
constituents can be made to reproduce the odour of the natural 
oil. 

Uses. — Oh of rose is of great importance in perfumery and 
students should endeavour to supplement the above brief 
account of the oil from one of the books specially dealing with 
perfumery products. 


Family LEaUMINOS^ 

The Leguminosse is the second largest family of flowering 
plants and contains 550 genera and over 12,000 species. The 
family includes more important drugs than any other. It is 
divided into three subfamilies, the Papilionacese, Mimosoideae, 
and Csesalpinioidese. 

Subfamily Papilionaceae. — ^Herbs, shrubs, or trees ; leaves 
simple or compound ; the flowers are zygomorphic and 
papilionaceous, e.g. in broom, Cyiisus scoparius ; stamens ten, 
monadelphous or diadelphous ; fruit a legume. Important 
drugs, which are described below, are Calabar beans, tonco 
beans, Hquorice, derris, arachis oil, kino, araroba, balsam of 
Tolu, balsam of Peru, and tragacanth. The following will not 
be described : * soja bean oil {Glycine Soja), fenugreek seeds 
{Trigonella Pmnum-grcBdum), prayer beads {Abrus precatorius), 
indigo {Indigofer a tinctoria)^ butea seeds {Butea f rondo so), and 
mucuna or cowhage {Mucuna pruriens). Red sanders wood, 
although derived from a member of this subfamily, may be 
conveniently referred to under logwood (Csesalpinioideae) . 

* More advanced students may supplement their knowledge by studying 
these drugs from the British Pharmaceutical Codex, U.S. Dispensatory , or 
similar works. 
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Subfamily Munosoidese. — ^Most of tbe members are trees or 
shrubs ; leaves usually bipinnate ; flowers regular ; calyx 
usually gamosepalous ; stamens equal in number to the 
petals, or twice as many, or numerous ; fruit a legume. The 
only important drug obtained from the subfamily is acacia 
gum. Acacia barks {Acacia arabica and A. decurrens) are 
used in tanning, and oil of cassie (A . Farnesiand) in perfumery. 

Subfamily Csesalpinioideas.— Most of the members are trees 
or shrubs ; leaves pinnate or bipinnate ; flowers zygomorphic ; 
typical floral formula K5, C5, A5+5, Gi ; fruit a legume or 
lomentum. The number of the petals and stamens is often 
reduced, e.g. in Krameria triandra the anterior pair of petals 
are modified into fleshy glands and there are only three stamens, 
while in Copaifera the corolla is entirely absent. Important 
drugs derived from the subfamily are senna leaves and pods, 
cassia and tamarind fruits, logwood and sappan woods, 
krameria root and copaiba. Of less importance are sassy 
bark {Erythrophleum guineense), carob beans {Ceraionia 
siliqua), and " rouge et noir beans {Afzelia spp.) 

The following anatomical features may be noted : — Tannin 
sacs are common, particularly in the Mimosoidese and Csesalpi- 
nioide^. Simple hairs such as are found in senna are common 
in the Cassalpirdoidese and Mimosoidese, but in the Papilionacese 
the typical form of hair is a uniseriate one possessing one or 
more short basal cells and a long terminal one. Several 
different types of stoma occur, but that found in senna with 
two subsidiary cells parallel to the pore is very common. Such 
stomata may be described as rubiaceous. 

The broom, Cytisiis scoparius, is a perennial shrub about 
I to 2 metres high. The lower part is woody, but the long, 
straight branches are green and glabrous. The upper parts of 
the stem bear five prominent, longitudinal ridges. The lower 
leaves are stalked and consist of three obovate leaflets, but the 
upper leaves are sessile and usually reduced to a single leaflet. 

The flowers are typical of the subfamily Papilionaceae. 
They have the floral formula K(5), C3+(2), Aio, Gi. The 
large posterior petal is known as the standard, the lateral ones 
as the alae or wings, and the united anterior pair as the keel. 
The fruit is a black, hairy pod about 3 to 5 cm. in length. 
The seeds are liberated when ripe by the sudden dehiscence 
and twisting of the two valves of the pod. Kach seed bears 
a caruncle. 

Broom tops were formerly official. Their chief constituents 
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are a volatile liquid alkaloid, sparteine, and a yellow davone, 
scoparin. Tlie drug is now seldom used, 

PHYSOSTIGMATIS SEMINA 

Calabar or Ordeal Beans ; F. Feve du Calabar ; 

O. Kalaharbohne 

Source. — Calabar beans are the dried ripe seeds of Physo- 
stigma venenosum, a perennial woody climber found on the 
banks of streams in West Africa. The plant bears typical 
papilionaceous flowers, and legumes about 15 cm. long each 
containing two or three seeds. 

History. — ^The seeds were formerly used by the West 
African tribes as an '' ordeal poison.'' They were first known 

2 3 


1 


5 

Fig. 1 56. — Seeds of Physostigma venenosum seen from micropylar end and in 
transverse section, i, micropyle ; 2, hilum ; 3, ridge; 4, cotyledon: 
5, cavity. {After TscMrch..) 

in England in 1840. The myotic effect of the drug was noted 
in 1862 by Fraser, and the alkaloid physostigmine isolated in 
1864 by Jobst and Hesse. 

Characters. — Calabar beans (Fig. 156) have a somewhat 
flattened, reniform shape. They are 15 to 30 mm. long, 10 
to 15 mm. wide and up to 15 mm. thick. The seeds are 
extremely hard. The dark brown testa is smooth except in 
the neighbourhood of the grooved hilum, which runs the whole 
length of the convex side and round one end, where it is 
somewhat wrinkled. On either side of the groove is a well- 
marked ridge and in the groove itself are the greyish, papery 
remains of the funiculus. A transverse section shows a 
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large central cavity and two, very hard, concavo-convex coty- 
ledons. 

Constituents. — ^The following alkaloids have been isolated 
from the drug : — Physostigmine or eserine (1864) , eseramine 
(1893), ^s^jphysostigmine (1904), physovenine (1911), and 
geneserine (1915). The chief alkaloid, physostigmine, is 
present to the extent of about 0*15 per cent. Physostigmine 
is a crystalline, monoacidic tertiary base. On exposure to 
air it oxidises into a red compound, rubreserine, and should 
therefore be protected from air and light. The official 
salt, the salicylate, is more stable than the sulphate and is 
non-deliquescent. 

The seeds also contain sterols (stigmasterol and sitosterol), 
dihydric alcohols and starch. 

Uses. — Physostigmine salicylate is used in the form of an 
eye ointment or as lamellse for contracting the pupil of the eye. 

TONCO SEMINA 

Tonco, Tonka, or Tonquin Beans ; P. Feve Tonka ; 

O. Tonkabohnen 

Source. — Tonco beans are the dried seeds of Dipteryx 
odorata Willd. (Coumarouna odorata Aubl.) and Dipteryx 
oppositifolia. The former plant is a native of Guiana and 
Brazil and is extensively cultivated in Venezuela, while the 
latter is found in Guiana and Northern Brazil. Both are 
large trees bearing single-seeded fruits about 3 to 5 cm. long. 

Collection and Preparation. — The fruits are collected when 
ripe (May and June), opened, and the seeds dried in the sun. 
If sold without further treatment, they are known as '' black ” 
beans. The seeds produced in Venezuela and near its border 
are larger than those produced in Northern Brazil and parts of 
the Guianas- The former, which are most esteemed, are 
known as '' Angostura ” and the latter as '' Para '' beans. 

Targe quantities of both Angostura and Para beans are 
sent to Trinidad, where they are macerated for twenty-four 
hours in rum, and dried in the open air. This treatment causes 
a crystalline deposit of coumarin to be formed on the testa and 
the seeds are said to be “ frosted."' Angostura and Para beans 
thus occur in commerce both black and frosted. 

Characters. — Tonco beans are up to 40 mm. long, 10 mm. 
wide, and 5 mm. thick. They are rounded at one end and 
bluntly pointed at the other. The surface is black and deeply 
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wrinkled longitudinally, a crystalline incrustation being 
present in tbe frosted variety. A transverse section shows a 
very thin, black testa and two yellowish-brown, plano-convex, 
oily cotyledons. Odour, very fragrant ; taste, aromatic and 
bitter. 

Constituents. — ^Tonco beans contain i to 3 per cent, of 
coumarin, 25 per cent, of fat (containing unsap onifiable 
sitosterin and stigmasterin) , and a large amount of starch. 
Ash about 3*5 per cent. 

Coumarin is the lactone of coumarinic (hydroxycinnamic) 
acid. It may be prepared synthetically from salicyl aldehyde 
by boiling this with acetic anhydride and anhydrous sodium 
acetate (Perkin^s reaction). 


OH O 

CH : CH.COOH CH : CH.CO 

Salicylaldeliyde Coumarinic acid Coumarin 

Uses. — ^Tonco beans are used in tobacco manufacture and 
in perfumery. Synthetic coumarin has, to some extent, 
replaced the natural product. 


GLYCYRRHIZ^ RADIX 

GlycyrrMza, B.P, ; Liquorice Root ; F. Racine de Reglisse ; 

G. Sussholzwurzel 

Source. — ^biquorice consists of the roots and subterranean 
stems of various species of Glycyrrhiza, The plants yielding 
most of the commercial drug are : 

(a) GlycyrrMza glabra var. typica Reg. et Herd., a plant 
about 4 or 5 feet high bearing typical papilionaceous flowers 
of a puiplish-hlue colour. The underground portion consists 
of long roots and thin rhizomes or stolons. The principal 
root divides just below the crown into several branches which 
penetrate the soil to a depth of 4 feet or more. A considerable 
number of stolons are also given ofE, which attain a length of 
5 or 6 feet but run nearer to the surface than the roots. This 
plant is grown in Spain (Old Castile, Navarra, Aragon, 
Catalonia, Valencia, and Andalusia), Italy (Calabria and 
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Sicily), Kngland (YorksHre), France, Germany, and the 
U.S.A. 

{b) Glycyrrhiza glabra var. ^-glanduUfera Reg. et Herd. 
{G. glandtilifera Waldstein and Elitaibel), is abundant in the 
wild state in Galicia and Central and Southern Russia. The 
underground portion consists of a large rootstock, which 
bears numerous long roots but no stolons. 

(c) Glycyrrhiza glabra var. ^-molacea Boiss., yields the 
Persian liquorice, which is collected in Iran and Iraq in 
the valleys of the Tigris and Kuphrates'. As its name implies, 
it bears violet flowers. 

History. — ^Tiquorice is referred to by Theophrastus. The 
Roman writers referred to it as Radix dulcis, but it does not 
appear to have been cultivated in Italy until about the 
thirteenth century. Its cultivation in Kngland has been 
traced back as far as the sixteenth century. 

Cultivation and Collection. — ^In Western Kurope liquorice is 
cultivated, but the Russian and Persian drugs are obtained 
from wild plants. The plants usually grow wed in deep, sandy 
but fertile soil, near streams. They are usually propagated 
hy replanting young pieces of stolon, but may be grown from 
seed. The underground organs are developed to a sufficient 
extent by the end of the third or fourth year, when they are 
dug up and washed. Karge quantities are peeled and cut 
up into short lengths before dr3dng, but much is used unpeeled. 
The drug is imported in bales. In Southern Italy and the 
Levant a large proportion of the crop is made into stick or 
block Hquorice. This is prepared by a process of decoction, 
the liquid being subsequently clarified and evaporated to the 
consistence of a soft extract. The latter is made into blocks 
or sticks, stamped with the maker's name {e,g, Solazzi), 
dried, and exported in cases which often contain bay laurel 
leaves. 

Macroscopical Characters. — The Spanish and ItaHan drugs 
are derived from the var. typica. They are sold as Spanish ” 
liquorice irrespective of their exact geographical source. 
Typical ‘‘ Spanish " liquorice occurs in straight pieces from 
14 to 20 cm. or more in length and from 5 to 20 mm. in diameter. 
If unpeeled, they have a dark, reddish-brown cork and the 
runners, which are more numerous than the roots, bear buds. 
The peeled drug has a yellow, fibrous exterior. Fracture, 
fibrous. Odour, faint but characteristic ; taste, sweet and 
almost free from bitterness. 
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Fig. 157- — Portion of a dried plant of GlycyrrJiiza glabra (Sutcliffe), 



Fig. xs^’^^iy^yrrhtza glcLtnra. Transverse section of a Spanish rhizome 
showing cork, hard and soft bast, wood with vessels, fibres and wood 
parenchyma, and pith (Sutcliffe). 
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Unpeeled Russian liquorice occurs in somewiiat tapering 
pieces up to 30 cm. in length and 5 cm. in diameter. It is of 
less regular appearance than the Spanish and consists of 
rootstock and roots. The surface is covered with a somewhat 
scaly, purphsh cork. The pieces of rootstock often bear buds 
and have a pith, but the roots may be distinguished from the 
stolons of the Spanish drug by the absence of buds. Fracture, 
very fibrous, the strands of fibres tending to separate from one 
another. This variety is frequently peeled. The taste is sweet 
but usually not entirety free from bitterness or acridity. 
Anatolian, S^^rian and Persian '' liquorices closely resemble 
the Russian variety and are generally unpeeled. 

Microscopical Characters. — A transverse section of an 
unpeeled Spanish runner (Fig. 158) shows about ten rows of 
narrow cork cells, a parench37matous cortex, a wide phloem 
containing alternating zones of hard and soft bast, cambium, 
wood, and pith. The wood consists of large vessels, groups 
of fibres and wood parenchyma. 

In longitudinal section (Fig. 159) the fibres of both wood 
and phloem are seen to be surrounded by a sheath of cells 
containing prisms of calcium oxalate. The vessels are yellow 
and have pitted or reticulated walls. The parenchyma con- 
tains abundant starch (Fig. 159) and a few prisms of calcium 
oxalate. For powder, see p. 109. 

Allied Drug . — Manchurian liquorice, which has been 
imported since the war, is probably derived from G. uralensis. 
It bears a chocolate-brown, exfoliating cork and differs from 
G. glabra in internal structure, the medullary rays being 
curved and lacunae present in the wood. It appears to contain 
about as much glycyrrhizin as the other varieties, but only 
traces of sugars. 

Constituents. — The chief constituent of liquorice is a tri- 
basic acid, gtycyrrhizic acid, 04411540 19 or C44HeoOi8, which 
is present in the drug in the form of glycyrrhizin, its potassium 
calcium salt.* Gtycyrrhizic acid is not a glycoside since 
it 3delds on hydrolysis one molecule of gtycyrrhetic acid and 
two molecules of glycuronic acid, but no sugar. Glycuronic 
acid is, however, very closely related to the hexose sugars, and 

* The name " glycyrrhizin ” is sometimes applied to a preparation which 
is more correctly called Ammoniated glycyrrhizin.” This is prepared by 
extracting liquorice with solution of ammonia ; adding acid to the extract 
and collating the precipitate ; redissolving the latter in ammonia and 
evaporatmg to form a scale preparation. See Glycyrrhi2dnum Ammordatum, 
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glycyrrlietic acid lias a li8emol5rfcic action like tHat of tlie 
saponins. 

I/iquorice also contains glucose (up to 3*8 per cent.). 



0 0 


o 0 
D O 




Fig. 159. ^A, longitudinal section through the wood of Glycyrrhiza elabra. 

c^cium oxalate ; 3, fibres ; B. liquorice starch. 
(A after Tschirch, B after Greenish.) 


sucrose (2-4 to 6-5 per cent.), bitter principles, resins, mannite, 
asparagine (2 to 4 per cent.), and fat (o-8 per cent,). 

Numerous metbods bave been published for tbe estimation 
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of glycyrrliizin, and an accurate process now appears to be 
available. Some of tbe earlier processes of estimation gave 
low results. Tbe following analytical figures are due to 
Houseman.* 


Variety, 

Glycyr- 
rhizin, 
per cent. 

Sugars, 
per cent. 

Bitter Principles. 

Resins, 
per cent. 

Water- 
soluble, 
per cent. 

Water- 
insoluble, 
per cent. 

Spanish — Alicante 

io-o6 

8-42 

3-31 

2-5S 

3*27 

„ — Saragossa . . 

7*41 ! 

4*66 

3*05 

2*93 

2-07 

,, — Toledo 

5-S9 

5*36 

3-38 

2*93 

2-26 

Italian 

9-iS 

5-32 

3-38 - 

3*78 

2-82 

Russian 

9*88 

6*75 

3-05 

2*29 

4*12 

Anatolian 

13-24 

7*43 

3*62 

3*52 

2*35 

Syrian . . 

7*44 

6*41 

3*07 

3*oS 

3*03 

Turkish- Arabian 

8*87 

6-92 

3*92 

4*i8 

1*75 


Tbe official drug yields not less tban 20 per cent, of water- 
soluble extractive, Asb of tbe peeled drug about 3 to 4 per 
cent. 

Uses. — ^Most of tbe liquorice imported is used in tbe tobacco 
trade or in confectionery. It is employed in pharmacy as a 
flavouring agent and as a demulcent and mild expectorant. 


DERRIS. 

Derris Root ; Tuba Root ; Aker-tuha 

Source. — ^Derris is tbe dried rbizome and roots of Derris 
elliptic a C Tuba Putcb ’*) and D. malaccensis Tuba Merab 
cbmbing plants indigenous to Malaya. Other species of 
Derris are also imported. f The increasing demand for derris 
root has led to large-scale cultivation in Mala^^^a, Ceylon and 
India. Targe supplies of cuttings have been supplied from the 
Cbangi district of Singapore, particularly to Japan and tbe 

* Houseman, Amer, J. Pharm., 1912, 531 ; 1921, 481 ; Houseman and 
Lacey, Indusi. and Engin. Chem.^ 1929, 915. 

f For details, see Hooper, Perris as an Insecticide, C. and D,, 1935, Aug. 3, 
149. 
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Dutch East Indies,* whilst the area under cultivation on 
Singapore Island rose from 750 acres in 1935 to 1350 acres in 
19364 



Fig. 160 , — Derris ellipiica. (From C. and D. by courtesy of Cooper, 
MacDougall and Robertson, Ltd.) 

Characters. — The roots are up to 2 metres in length and 
I cm. or more in diameter. They are sometimes attached to 
short pieces of rhizome. The outer surface is greyish-brown 
to reddish-brown and bears fine longitudinal furrows and, in 
the larger pieces, elongated lenticels. The drug is flexible and 
breaks with a fibrous fracture. It has a sHght aromatic odour, 
and when chewed gradually produces a feeling of numbness 
in the tongue and throat. Prolonged grinding of the drug is 
necessary on accoimt of its fibrous nature, and special pre- 
cautions are necessary owing to the objectionable properties 
of the dust. A transverse section shows a thin brown bark and 
a cream to pale brown wood, which in the larger pieces shows 
three or four concentric rings. J 

Constituents. — ^Derris contains up to about 8 per cent, of 
rotenone, a colourless crystalline substance which is insoluble 
in water but soluble in many organic solvents. Rotenone is, 
however, not the only constituent having insecticidal pro- 
perties, and the evaluation of the drug solely on rotenone- 
content is therefore unsatisfactory. A satisfactory grade of 
powdered derris should contain about 4 per cent, or more 


* Colonial Report on Straits Settlements in 1935, No. 1783. 
t Colonial Report on Straits Settlements in 1936, No. 1812. 

I For Mstology, see Worsley and Nutman, Nature, 1937, 139 , 883. 
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of rotenone or not less than 15 per cent, of total ether- 
extractive.* 

Allied Drug. Cube or Barhasco — The words '' cube and 
“ barbasco are applied in Spanish-speaking countries to any 
fish-poisoning plants, but the drug now cultivated in South 
America and exported under these names consists of species 
of Loiichocarpus, particularly L. Nicoti, Cube, as imported 
into this country, contains about the same percentages of 
rotenone and ether-extractive as derris, but figures up to about 
18 per cent, of rotenone are quoted in the literature. 


OLEUM ARACHIS 

Oleum Arachis, B,P. ; Earth-Nut^ Ground-Nut, Pea-Nut, or 
Arachis Oil; F. Huile d' Arachide ; G. Erdnussol 
Source. — ^Arachis oil is obtained by expression from the 
seeds of Arachis hypogcea, a small annual plant cultivated 
throughout tropical .Mrica and in India and Brazil, Enormous 
quantities of the fruits and seeds are shipped to Marseilles and 
other European ports for expression. 

Preparation. — ^During ripening the fruits bury themselves 
in the sandy soil in which the plants grow. Each fruit contains 
from one to three reddish-brown seeds. The fruits are shelled 
by a similar machine to that illustrated on p. 37. The thin 
testas are then detached by brushing, and removed by a blast 
of air. The kernels contain from 40 to 50 per cent, of oil. 
Owing to the high oil-content the seeds, when crushed, are 
somewhat difficult to express. Part of the oil is usually 
removed by a first expression in the cold, and a further quantity 
by hot expression. These two fractions differ so little from 
one another that they are usually mixed. The press cake 
forms an excellent cattle food. The ground pericarps of 
earth nuts are a common adulterant of powdered drugs. 

Constituents. — Arachis oil consists of the glycerides of 
arachic, stearic, fignoceric, oleic, and other acids. When 
saponified with alcoholic potassium hydroxide, crystals of 
impure potassium arachate separate on standing. Arachis 
oil is one of the most likely adulterants of other fixed oils, 
e.g, olive oil. Its presence may be detected by the test 
described in the Pharmacopoeia. 

* See also Derris Developments No. 2, 1934, W. Benkert & Co., Inc. 
t Roark, What is Cube, Soap, April 1935, 95- See also Derris and Cube, 
Soap, June 1936, 113. 
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XJses. — ^Arachis oil is officially permitted to be used in the 
preparation of liniments, plasters, etc., when olive oil is not 
readily available. 


KINO 

East Indian, Malabar, Madras, or Cochin Kino ; 

F. and G. Kino 

Source. — ^Malabar kino is a dried juice obtained from the 
trunk of Pterocarj>us Marsupium, a large tree grown in Central 
and Southern India and in Ceylon. Incisions are made which 
puncture the secretory cells of the phloem, and the juice which 
exudes is collected in cup-like receptacles. It is often allowed 
to evaporate spontaneously, but in the preparation of the drug 
formerly official it was directed that the juice be heated to 
boiling before being evaporated to dryness. 

History. — The term kino is a generic one which was 
first applied to the product obtained from the African tree 
Pterocarpus erinaceus. This was described by Fothergill in 
1757- name has since been applied to a large number of 

similar products. 

Characters.- — ^Malabar kino occurs in small, angular, reddish- 
black fragments. The surface is fairly free from dust (distinc- 
tion from Eucalyptus kinos), and fragments of cork are absent 
(distinction from butea gum). Thin flakes are transparent 
and ruby-red. Inodorous. Taste, very astringent. 

The drug is almost completely soluble in 90 per cent, 
alcohol, and water dissolves about 80 to 90 per cent, of it. 
On adding a mineral acid to an aqueous solution a dense 
precipitate of kinotannic acid is obtained. Kino gives the 
reactions of phlobatannins. 

Constituents. — ^Malabar kino contains variable proportions 
of kinotannic acid (25 to 80 per cent.) and its decomposition 
products, “ kino-red."' It also contains water, catechol, and 
gallic acid and, if not boiled, an oxydase enzyme. The latter 
is capable of causing the gelatinisation of galenicals made from 
the drug by converting the kinotannic acid into the insoluble 
phlobaphene, kino-red. 

Allied Brugs. — Butea gum or Bengal kino is the dried juice 
of Butea frondosa. It may be distinguished from Malabar 
kino by the presence of corky particles and by the fact that it 
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usually contains less water-soluble matter. Tlie amount of 
kinotannic acid present is from 15 to 6o per cent. 

Red gum or Eucalyptus kino is an Australian kino derived 
from Eucalyptus rostrata (Kam. Myrtaceae). It is covered 
with a reddish powder but closely resembles the Malabar drug, 
which, however, occurs in clean glistening fragments almost 
free from dust. It appears to contain only slightly less 
kinotannic acid than the Malabar variety. 

TTses. — ^The kinos have marked astringent properties and 
are used for diarrhoea and dysentery. 

CHRYSAROBINUM 

Chrysarobinum, B.P. ; Chrysarobin, Crude Chrysophanic Acid, 
Purified Araroba 

Source. — Chrysarobin is a mixture of substances obtained 
from araroba or Goa powder by extracting it with hot benzene. 
Araroba is a substance found in cavities in the trunk of Andira 
araroba, a tree 20 to 30 metres in height found in the Brazihan 
provinces of Bahia and Sergipe. 

Collection and Preparation. — ^Araroba is formed by the 
breaking down of the elements of the wood, but the causes of 
this pathological change are unknown. Old trees contain the 
largest cavities. The trees are felled and split so that the 
araroba may be scraped out. It occurs as a yellowish powder, 
which darkens with age to a chocolate-brown colour. The 
powder is very irritating to the eyes and face and is often 
moistened to render it less objectionable to handle. On 
arrival in this country it is sifted to free it from the larger 
particles of wood, dried, and powdered. 

Chrysarobin is prepared from araroba by extracting it with 
hot benzene in a Soxhlet apparatus, evaporating the solution 
to dryness and powdering. 

Characters. — Crude araroba, when examined microscopically, 
shows fragments of wood, prismatic crystals, and amorphous 
particles. Chrysarobin is a yellowish, microcrystalline powder, 
which has a very characteristic microscopical appearance.* 

Chrysarobin melts on heating, gives off yellow fumes, and 
leaves not more than 0*5 per cent, of ash. It is almost insoluble 
in water, but completely soluble in hot chloroform or in hot 
benzene. 


* See Tschirch, Handhuch der Pharmakognosie, II, Abt. 2, Fig. 388. 
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dirysarobin is boiled witli caustic soda or borax 
solution and the liquid poured into water a well-marked green 
fluorescence is observed. If a minute quantity is mixed 
with a drop of fuming nitric acid on a white tile a brownish-red 
liquid is produced, and on allowing a drop of dilute ammonia 
solution to mix with it an evanescent violet colour is produced. 

Constituents. — ^According to Bder and Hauser,* the chief 
constituents of chrysarobin are chrysophanolanthrone or its 
'' enol form, chrysophanolanthranol (29 to 39 per cent.) ; 
emodinanthrone monomethyl ether (18 to 20 per cent.) ; and 
dehydroemodinanthrone monomethyl ether (22 to 35 per cent.) . 

OH CO OH 

(XX)“- 

CH, 

Chrysophanolanthrone 
keto ’’ form) 

These compounds are closely related to the constituents of 
rhubarb, senna, and other laxative drugs. Araroba has, in 
fact, a purgative action but is unsuitable for internal use. 

Uses. — Chrysarobin is used in various skin diseases, parti- 
cularly psoriasis and eczema. 

BALSAMUM TOLUTANUM 

Balsamum Tolutanum, B,P. ; Tolu ; Balsam of Tolu ; 

B. Baume de Tolu ; G. Toluhalsam 

Source. — ^Tolu is a balsam obtained by incision from the 
trunk of Myroxylon Toluifera H.B. and H., a large tree which 
differs but little from that yielding balsam of Peru.f Wild 
trees are abundant in Colombia and Venezuela, and in the 
former country large quantities of balsam are produced in the 
neighbourhood of the Magdalena and Cauca rivers. The trees 
are cultivated in the West Indies, particularly in Cuba. 

History. — Balsam of Tolu was described by Monardes in 
1574. The collection was observed by Weir in 1863, and 

♦ Eder and Hauser, Arch. Pharm., 1925, 203 , 321 ; 263 , 436. 

f According to Thoms, Handbuch der Pharmazie, the two balsams are 
derived from varieties of Myroxylon balsamum (L.) Harms. — ^balsam of 
Tolu from the var. genuinum Baillon and balsam of Peru from the var. 
PeriercB Royle. 


OH C(OH) OH 



Chrysophanolanthranol 
(‘"enol” form) 
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flowers, fruits, and seeds were obtained by Goering in 1868. 
The drug takes its name from a town near Cartagena. 

CoUection and Preparation. — ^The young twigs contain 
schizogenous secretion ducts, but none of these are normally 
present in the old bark, the commercial balsam being purely 
pathological in origin. Weir's description is summarised in 
the Pharmacographia as follows : — 

The balsam tree has an average height of 70 feet with a straight 
trunk, generally rising to a height of 40 feet before it branches. The 
balsam is collected by cutting in the bark two deep sloping notches, 
meeting at their lower ends in a sharp angle. Below this V-shaped cut, 
the bark and wood is a little hollowed out, and a calabash of the size 
and shape of a deep tea-cup is fixed. This arrangement is repeated, so 
that as many as twenty calabashes may be seen on various parts of the 
same trunk. When the lower part has been too much wounded to 
give space for any fresh incisions, a rude scaffold is sometimes erected, 
and a new series of notches made higher up. The balsam-gatherer 
goes from time to time round the trees with a pair of bags of hide, slung 
over the back of a donkey, and empties into them the contents of the 
calabashes. In these bags the balsam is sent down to the ports where 
it is transferred to the cylindrical tins in which it reaches Burope."' 

A portion of trunk sbowing a gourd cup in position is in 
the Kew museum and is illustrated by Tschirch.* The 
drug is mainly exported from Cartagena, Sabanilla, and Sta. 
Marta, 

Characters. — ^When freshly imported, Tolu is a soft, 
yellow semi-solid. On keeping it turns to a brown, brittle 
solid. It softens on warming and if a little be tben pressed 
between two glass slides microscopical examination will show 
crystals of cinnamic acid, amorphous resin and vegetable 
debris. Odour, aromatic and fragrant ; taste, aromatic, the 
drug forming a plastic mass when chewed. 

An alcoholic solution of the balsam is acid to litmus, and 
gives a green colour with ferric chloride (the latter possibly 
owing to the presence of resinotannol) . Bike other drugs 
containing cinnamic acid it yields an odour of benzaldehyde 
when oxidised with potassium permanganate solution. 

Constituents. — ^Tolu contains about 75 to 80 per cent, of 
resin, benzyl benzoate, benzyl cinnamate, cinnamyl cinnamate, 
and vanillin, and about 19 to 25 per cent, of free balsamic acids. 
The resin consists of esters of cinnamic and benzoic acids with 
the resin alcohol, toluresinotannol, 

* HandbT 4 ch der Pharmakognosie, III, Abt. 2, 1031. 

31 



482 


PHARMACOGNOSY 


Samples analysed by Cocking and Kettle (1918) gave about 
36 per cent, of total balsamic acids and 20*8 per cent, of free 
balsamic acids (8 per cent, free benzoic and 12*8 free cinnamic 
acid). Tbe present official requirements are less stringent than 
those of the 1914 Pharmacopoeia, being 19 to 25 per cent, of 
free and 35 to 50 per cent, of total balsamic acids calculated 
with reference to the dry, alcohol-soluble portion of the drug. 

The most likely adulterants of tolu are colophony and 
balsam which has been exhausted in the preparation of Syrup 
of Tolu. 

Uses. — Balsam of Tolu has antiseptic properties. It is a 
common ingredient of cough mixtures, to which it is added in 
the form of syrup or tincture. 

BALSAMUM PERUVIANUM 

Balsamum Peruvianum, BJP, ; Baham of Peru ; F. Baume 
de Perou ou San Salvador ; G. Peruhalsam 

Source. — Balsam of Peru is obtained from the trunk of 
Myroxylon Pereirca (Royle) Klotzsch, after it has been beaten 
and scorched. The drug is produced in Central America 
(San Salvador, Honduras, and Guatemala). The tree has 
been introduced into Ceylon. 

History. — The drug derives its name from the fact that 
when first imported into Spain it came via Callao in Peru. 
It was known to Monardes and the method of preparation 
was described as early as 1576, although afterwards forgotten. 
In 1863 the collection was described and illustrated by 
Dorat.* 

CJoUection and Preparation. — ^In November or December 
strips of bark, measuring about 30 x 15 cm., are beaten with 
the back of an axe or other blunt instrument. The bark soon 
cracks and may be pulled off in about a fortnight. As in the 
case of Tolu balsam, the secretion is purely pathological in 
origin and very little balsam can be obtained from the bark 
unless it is charred with a torch about a week after the beating. 
The balsam produced in the bark is obtained by boiling the 
bark in water and is known as tacuasonte (prepared without 
fire) or halsamo de cascara '' (balsam of the bark). 

The greater part of the balsam is, however, prepared, after 
the removal of the bark, by beating and charring the wood 

* Dorat, Pharmaceutical Journal ^ 1883, 248. 
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(see Fig. i6i). The balsam which exudes is soaked up wdth 
rags, which, after some days, are cleaned by gently boiling 
with water and squeezing in a rope press.* The balsam sinks 
to the bottom and, the water having been decanted, the 
balsam {halsmno de trapo) is poured off and strained. The drug 
is chiefly exported from Acajutla (San Salvador) and Belize 
(British Honduras) in tin canisters holding about 27 kilos. 

Characters. — Balsam of Peru is a viscid liquid of a somewhat 
oily nature, but free from stickiness and stringiness. When 
seen in bulk it is dark brown or nearly black in colour, but in 
thin layers it is reddish-brown and transparent. The original 



Fig. 161. — ^Tlie collection, of balsam of Peru, after Dorat (1863) 
{Pharmaceutical Journal). 

containers have a whitish scum on the surface. The balsam 
has a pleasant, somewhat vanilla-like odour and an acrid, 
slightly bitter taste. 

The drug is almost insoluble in water. It is soluble in 
one volume of alcohol (90 per cent.), but the solution becomes 
turbid on the addition of further solvent. The specific gravity, 
1*140 to 1*170, is a good indication of purity. Tests for absence 
of fatty oils, benzaldehyde, and turpentine are described in 
the Pharmacopoeia. 

* For modem illustrations of the collection of balsam of Peru, see 
Tschirch's Handbuch der Pharmakognosie, 2nd edition. It -vvill be observed 
that a rope press of the type illustrated by Dorat is still used. 



PHARMACOGNOSY 


Constituents. — ^The official drug is required to contain not less 
tHan 53 per cent, of balsamic esters, wMcb have a saponification 
value of not less than 235. The chief balsamic esters present are 
benzyl cinnamate (cinnamein), CeHs.CH : CH.COO.CH2.CeH5 
(sap. value 234), benzyl benzoate (sap. value 264-3), and cin- 
namyl cinnamate (styracin) . The drug usually contains 
from 56 to 66 per cent, of these esters. It also contains about 
28 per cent, of resin, which is said to consist of peruresinotannol 
combined with cinnamic and benzoic acids, an alcohol (nero- 
lidol or peruviol), and small quantities of vanillin and free 
cinnamic acid. 

Uses. — ^Balsam of Peru is used as an antiseptic dressing for 
w unds and as a parasiticide. 


TRAGACANTHigE GUMMI 

Tragacantha, B,P, ; Tragacanth ; P. Gomme Adragante ; 

G. Tragant 

Sources. — ^Tragacanth is a gum which is obtained by incision 
from the stems of various species of Astragalus. The chief 
gum-yielding species are thorny shrubs found in the moun- 
tainous districts of Asia Minor, Syria, Armenia, Kurdistan, 
Traq, Iran and the U.S.S.R.* Persian tragacanth, which is 
the variety specified in the British Pharmacopoeia is the kind 
chiefly used in this country. The Smyrna or Anatolian traga- 
canth from Asia Minor is, however, much used on the Con- 
tinent. 

The term Persian tragacanth is used by pharmacists to 
denote the better grades of tragacanth produced in Iran 
(Persia), Turkish Kurdistan, and Iraq. The chief producing 
districts of Persian tragacanth f and the centres to which the 
gum is sent are shown in the following table and accompanying 
map : — 

* In a recent letter to the author the U.S.S.R, Institute of Plant Industry- 
state, Tragacanth is obtained in Turkmenistan, in districts bordering on 
Iran, from Astragalus karahalensis Fr. and Sint., A. piletocladus Fr. and Sint., 
and probably from other species. A second region of tragacanth production 
in the XJ.S.S.R. is Transcaucasia, particularly Azerbaidzhan (Talysh district), 
and, to a lesser extent, Armenia. In this region the chief plants yielding this 
gum are: Astragalus erinaceus Fisch. and A. aureus Willd. Other species 
sharing to a less extent in tragacanth production in this region are A . micro- 
cephalus Willd., A. Arnacantha MB., A. persicus F. abd Mey,, A. Meyeri 
Boiss., and a few others." 

•f Much of the following information is abstracted from an article by the 
author, P.J. 1936, Aug,, 206-208. 
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District 

Non-Persian Kurdistan 
Persian Kurdistan, Hamadan, and 
Kermanshali 

Isfahan and N.E. Districts - . 
Quantities drawm by the U.S.S.R. 
Province of Pars 
Kerman District 


Route via 

Sulaimanieh and Baghdad 

Qasr-i-Shirin and Baghdad 
Mohammerah and/or Baghdad 
The Caspian Sea 
Shiraz and Bushire 
Bundar- Abbas 


The following table shows the approximate geographical 
distribution of Astragalus gtwifnifer and of other gum-yielding 
species found in the districts in which Persian tragacanth is 
collected : — 


Species 
A. gummifey 

A. kuvdicus 
A. brachycalyx 
A. eriostylus 
A. pycnocladus 
A . verus . . 

A, leioclados 
A. adscendens 
A . strobiliferus 
A . heyaiensis 


Geographical Distribution 
Northern Kurdistan, Armenia, Asia Minor 
and Syria 

Southern Kurdistan to Asia Minor and Syria 

Iranian Kurdistan and Luristan 

Luristan 

Kermanshah (Shahu and Avroman Mts.) 

Western Iran 

Western and Central Iran 

South-Western and Southern Iran 

Eastern Iran 

Khorasan to Afghanistan 



Fig. 162. — Sources of Persian tragacanth {Pharmaceutical Journal). 
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History. — ^Tragacanth was well known to Theoplirastus and 
Dioscorides. It was imported into Italy during the Middle 
Ages. 

Formation. — ^Tke mode of formation of tragacanth. is 
entirely different from that of acacia, the gum exuding im- 
mediatelj^ after injury and therefore being preformed in the 
plant while acacia is slowly produced after injury. A section 
of a tragacanth stem (Fig. 163) shows that the cell walls of 



Fig. 163. — A, tragacanth exuding from a cut branch ; B, section of Smyrna 
tragacanth showing the stratification of the mucilage cells and the small 
starch grains ; C, a transverse section through the pith and the inner 
part of the wood of Astragalus gummifer. i, the pith showing gum- 
mosis ; 2, medullary rays ; 3, vessels containing gum ; 4, wood fibres. 
(A after Planchon, B after FlucMger, C after Tschirch.) 

tke pitli and medtillary rays are gradually transformed into 
gum, the change being termed ‘‘ gummosis.'" The gum absorbs 
water and a considerable pressure is set up within the stem. 
Hanbuiy, having cut off branches of a living plant, states, 
there immediately exudes from the centre a stream of soft, 
solid tragacanth, pushing itself out like a worm, to the length 
of three-quarters of an inch, sometimes in the course of half an 
hour.” 
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Collection. — ^^Vlost of the plants from which tragacanth is 
collected grow at an altitude of 4,000 to 10,000 feet. The 
shrubs are very thorny, since each of their conipound leaves 
has a stout, sharply pointed rachis which persists after the 
fall of the leaflets. " The mode of collection varies somewhat 
in different districts, but the following details of collection in 
the province of Fars is typical ; — 

Gum can be obtained from the plants in their first year, 
but is then said to be of poor quality and unfit for commercial 
use. The plants are therefore tapped in the second, year. 
The earth is taken away from the base to a depth of two inches. 



Fig. 164- — ^Tragacantli exuding from cuts {Pharmaceutical Journal). 


and the exposed part incised with a sharp knife having a thin 
cutting edge (Fig. 165, A). A wedge-shaped piece of wood 
(Fig. 165, B) is used by the collector to force open the incision 
so that the gum will exude more freely. The wedge is generally 
left in the cut for some twelve to twenty-four hours before 
being withdrawn. The gum exudes as shown in Fig. 164, and 
is collected tw^o days after the incision. Some of the plants 
are burned at the top after having had the incision made. 
The plant then sickens and gives off a greater quantity of gum. 
This practice is, however, not universal, as many plants cannot 
recover their strength and are killed by the burning. The 
gum obtained after burning is of lower quality than that 
obtained by incision only, being reddish and dirty looking. 
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1 66. — Grades of tragacanth [Pharmaceutical Journal). 
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The gum is collected by the villagers and is brought to 
the nearest centre by pack animals. 

Ga^es. — ^Tragacanth is graded in Iran or Traq into seven 
qualities by the exporter or middleman. The best grades 
form the official drug, whilst the middle and lower grades are 
used in the textile and other industries. The cotnmercial 
description and approximate relative values of these grades 
are as follows : — 


Grade 

Description 

Relative Value 

No. I 

Fine flat druggists* ribbon 

TOO 

No. 2 

No. 2 druggists’ ribbon . . 

67 

No. 3 

Flat ribbon (textile and drug) 

44 

No. 4 

Flat amber thin leaf (textile) 

37 

No. 5 

Flat amber thick leaf (textile) 

22 

No. 6 

i Thick brown leaf (textile) 

15 

No. 7 

Mixed boggy pickings 

9 


On arrival in Tendon the drug is "" worked as follows. 
In a consignment of, say, fifty cases of No. i grade some cases 
will contain a somewhat finer quality of gum than others, 
whilst the contents of some may have deteriorated in transit. 
The cases are therefore opened, inspected, and those of similar 
quality bulked '' (Fig, 167), mixed and repacked. In this 
way the original consignment may be worked into several 
lots and buyers will know that the gum in each lot is of uniform 
quality. 

Characters. — ^The official Persian tragacanth occurs in 
flattened flakes up to 25 mm. long and 12 mm. wide. The 
surface shows a number of ridges, which indicate the successive, 
temporary stoppages of flow from the incision. The fine 
furrows parallel to the margin of the flake are produced by the 
uneven edges of the incision. The gum is white or very pale 
yellowish-white in colour, translucent and horny. It breaks 
with a short fracture, is odourless, and has little taste. 

Tragacanth swells into a g^atinous mass when placed in 
water, but only a smaU portion dissolves. On the addition of 
a dilute solution of iodine to a fragment previously soaked in 
water, relatively few blue points are visible (distinction from 
Smyrna tragacanth, which contains more starch). 

For microscopical characters, see p. 103, and Fig. 163. 
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Constituents. — ^Tragacanth consists of a water-soluble gum, 
tragacanthin (about 30 to 40 per cent.), and a gum wbicb 
swells in water but does not dissolve and is known as bassorin 
(60 to 70 per cent.). 

Tragacanthin was regarded by O'Sullivan (1901) as a 
mixture of polyarabinan-trigalactan-geddic acids, but ISTorman* 
has recently shown that it is formed from arabinose and uronic 
acid units. Bassorin is more complex than tragacanthin but 
seems to be similarly constituted. 



Fig. 167. — ^Tragacanth. in bulk {Chemist and Druggist). 


Allied Drugs. — Non-Pharmaceutical Grades of Tragacanth . — 
Ivarge quantities of tragacanth of the grades 4 to 7 illustrated 
in Fig. 166 are imported and used in the textile industry and 
pickle manufacture. The pieces vary in shape, and are from 
a yellow ivory colour to almost black. The lower grades are 
much contaminated with earth, and their ashes give a strong 
reaction for iron. Of the specimens illustrated we found that 
numbers x to 6 were well within the British Pharmacopoeia 
ash hmit of 4 per cent. No. 7, on the other hand, gave 16*4 
per cent, of ash and ii*8 per cent, of acid-insoluble ash. The 
viscosity of mucilages prepared from these grades of tragacanth 
falls rapidly from the No. i to No. 7, the marked difference in 


Norman, Biochem. /., 1931, 25 , 200. 
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price being fully justified. Tbe lower grades of tragacanth are 
known as hog gum or hog tragacanth.^ 

Karaya Gum, Sterculia Gum or Indian Tragacanth j is 
obtained from Sterculia urens (Sterculiaceae) . Good qualities 
are in irregular, almost colourless, translucent, striated masses 
weighing ux:> to 25 G. or more. Medium grades have a marked 
pinkish tinge, whilst the lower grades are very dark and con- 
tain a considerable amount of bark. Karaya gum has a marked 
odour of acetic acid, and when hydrolysed with 5 per cent, 
phosphoric acid has a volatile acidity of about 18 per cent, 
(tragacanth about 2 to 3 per cent.) . When boiled with solution 
of potash it becomes slightly brownish (tragacanth canary 
yellow). Karaya also differs from tragacanth in that it con- 
tains no starch and stains pink with solution of Ruthenium Red. 

Insoluble Shiraz Gum is a gum of doubtful botanical origin 
imported from Iran. When of good quality it resembles a 
mixture of bleached and natural Kordofan acacia. It may be 
distinguished from tragacanth by the fact that it contains 
no starch and that it gives a reaction for oxidase enzyme when 
treated with benzidine solution and hydrogen peroxide. 

Vermicelli tragacanth was formerly obtained from Astragalus 
cylleneus, a species found in Greece. It is no longer a com- 
mercial article. 

Uses. — Tragacanth is used in pharmacy as a suspending 
agent for insoluble powders, etc., or as a binding agent in 
pills and, tablets. Very large quantities are used in calico 
printing, confectionery, etc. 

ACAClJE GUMMI 

Acacia, B.P, ; Acacia Gum, Gum Arabic ; F. Gomme 
Arabique ; G. Arahisches Gummi 
Source. — Acacia is a dried gum obtained from the stem and 
branches of A. Senegal Willd. and of some other species of 
Acacia. A. Senegal is a tree about 6 metres high, which is 
abundant in the Sudan, particularly in the province of Kordo- 
fan, in Central Africa, and in West Africa (Senegambia). The 

* At one time gums of this type were known as Caramania gum, Moussul 
or false tragacanth, and were whdtened with white lead for admixture 
in Turkey with the gum exported from Sm3nma and Constantinople. Although, 
this is still referred to in text-books and the B.P.C., we have found no original 
reference to it since that of Maltass, P. J . 1855, 18. 

t The name “ Indian tragacanth *’ is also applied to the gum derived from. 
Cochlospermum gossyfnum. According to Youngken’s Text-hook of Pharma- 
cognosy^ over two rmllion pounds are annually imported into the U.S. A. It 
contains starch and a few rosette aggregates of calcium oxalate. 
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tree is known in Kordofan as Hashab and in Senegambia as 
Verek. Tbe best gnm is that produced in Kordofan from 
cultivated trees, but some of tbe Senegal gum is of good quality. 

History. — Gum was brought from the Gulf of Aden to 
Egypt in the seventeenth century b.c., and in the works of 
Theophrastus it is spoken of as a product of Upper Egypt. 
The West African product was imported by the Portuguese 
in the fifteenth century. 

Collection and Preparation. — Some gum exudes from wild 
trees as a result of the cracking of the bark, but the most 
esteemed, Kordofan, variety is obtained from cultivated 
trees. These are tapped in February and March, when they 
are about six years old. The tapper, with a blow from a small 
axe, makes a transverse incision in the trunk and so twists the 
axe that the bark is loosened, strips of it being then pulled 
off above and below the cut. The portion of trunk so bared 
to the cambium measures about 2 to 3 feet in length and 2 to 
3 inches in breadth. This cambium produces new phloem 
and in about twenty to thirty days the tears of gum which 
have formed on the surface may be picked off.* The gum is 
collected in leather bags by the natives (Fig. 168), and is 
conveyed to El Obeid in sacks. Here the gum is garbled to 
free it from sand and vegetable debris, and is sorted. Not only 
is the gum of wild trees darker than that obtained from 
cultivated ones, but all the tears obtained from the same tree 
are not of equal quality. Other acacia gums such as talka 
gum, the product obtained from A. Seyal (the talka of the 
Arabs), are also separated. Some, but not all, of the gum is 
“ ripened '' by exposure to the sun, when it is bleached and 
dried, developing numerous cracks. 

From B 1 Obeid the drug is sent by rail to Port Sudan, 
whence large quantities are shipped to London. The U.S.A. 
now ship the greater part of their requirements direct. In 
the London Market Reports three grades are usually quoted, 
namely, bleached Kordofan, natural Kordofan, and talka. 
The Senegal acacia gum is largely used for pharmaceutical 
purposes on the Continent and is shipped to Marseilles and 
Bordeaux, This also occurs in three grades, namely, gomme 
du bas du fleuve,'' “ gomme du haut du fleuve,'" and “ gomme 
friable."' 

* An acacia tree wounded for gum as described above may be seen in the 
Kew museum. According to Smith, Proc. Linn. Soc. N.S. Wales, 1904, 217, 
the formation of many gums is due to bacteria. Whether this is so in the 
case of acacia gum is a matter of doubt. 
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Characters. — ^Bleached Kordofan acacia occurs in rounded or 
ovoid tears up to about 3 cm. in diameter, or in angular 
fragments. Tbe outer surface bears numerous fine cracks, 
which form during the ripening '' and make the tears 
opaque. The gum is white or very pale yellow in colour. 
The tears break readily with a somewhat glassy fracture. 



Fig. 168. — ^Native collecting acacia gum. (Reproduced from Gum Arabic, 
by courtesy of Capt. H. S. Blunt, Clarendon Press, Oxford.) 

They are odourless and have a bland and mucilaginous taste. 
For microscopical characters, see p. 97. 

ISTatural Kordofan gum differs from the above in having 
fewer cracks, which causes it to be more transparent, and in 
being more yellowish or pinkish in colour. The tears are 
usually of less uniform size, some being quite small while 
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others have a diameter of 4 cm. or more. The better qualities 
of Senegal gum closely resemble the natural Kordofan, but 
some of the tears are vermiform in shape and, speaking 
generall3% the gum is rather more yellowish in colour. 

Tests. — Acacia is almost completely soluble in an equal 
weight of water, solution taking place rather slowly. The 
solution is slightly acid and becomes more so on keeping, 
especially if hot water is used to make the solution. It is 
viscid, but not glairy, and when diluted does not deposit on 
standing. It is Isevorotatory. 

A 10 per cent, aqueous solution gives no precipitate with a 
20 per cent, solution of neutral lead acetate (solutions made 
with tragacanth, agar, Irish moss, or quince seeds all give 
jrecipitates) ; gives no colour with solution of iodine (absence 
of starch and dextrin) ; and, if of Pharmacopoeial quality, 
|ves no reaction for tannin with ferric chloride. The mucilage 
Ives a blue colour when treated 'with solution of benzidine 
|d a few drops of hydrogen peroxide indicating the presence 
^|an oxydase (distinction from tragacanth). 

Constituents. — ^According to O'Sullivan acacia gum consists 
of diarabinan-tetragalactan-wogeddic acid combined with 
potassium, magnesium, and calcium, each molecule yielding 
on hydrolysis two molecules of arabinose, four molecules of 
galactose and ^'sogeddic acid (arabic acid) . More recent work * 
bias resulted in the isolation of a crystalline acid, which is 
p|d to be a glucuronogalactose. while the sugars formed on 
^olysis are arabinose, galactose, and rhamnose. 

E .a also contains an oxydase and about 14 per cent. 
It yields about 2*7 to 4 per cent, of ash. 

Drugs . — Talkd gum is usually much broken and of 
variable composition, some of the tears being almost 
less and others brown. 

GhMti or Indian gum, which was official in the 1914 
.copoeia, is derived from Anogeissus latifolia (Fam. 
^retaceae). It resembles talka in possessing tears of 
colours. Some of the tears are vermiform in shape 
Plieir surface shows fewer cracks than even the natural 
When of good quality it yields a mucilage which is 

f t for pharmaceutical purposes. A i per cent, solution 
precipitate with a 10 per cent, solution of tannic acid 
ion from acacia). 

^pielberger and Kendall, /. Biol. Ch&m., 192:9, 84 , 639 ; CiLallinor. 
'|md Hirst, J.C.S., 1931, 258. 
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jMany otlier gums of the acacia type are occasionally 
met with in commerce, but a description of these is outside 
the scope of the present work. 

SENN^ FOLIUM 

SenncB Folium, B.P, ; Senna, Senna Leaves ; F. Feuilles 
de SenS ; G. Senneshldtter 

Source. — Senna consists of the dried leaflets of Cassia 
acutifolia DeHle, which are known in commerce as Alexandrian 
senna, and of Cassia angustifolia Vahl, which are known 
in commerce as Tinnevelly senna. The senna plants are 
small shrubs, about i metre in height, with paripinnate 
compound leaves. Cassia acutifolia is indigenous to tropical 
Africa and is cultivated in the upper Nile territories (Kordofan, 
Sennar). Cassia angustifolia is indigenous to Somaliland, 
Arabia, Sind, and the Punjab, and is cultivated in South India 
(Tinnevelly) . 



Fiq. 169. — A portion of ttie senna stocks at South-eastern Wharf, showing 
bags, cases, and native-made cases {Chemist and Druggist), 


History. — Senna appears to have been used since the ninth 
or tenth century, its introduction into medicine being due 
to the Arabian physicians, who used both the leaves and the 
pods. It was formerly exported through Alexandria, whence 
the name of the Sudanese drug. 

Colleton and Preparation. — Alexandrian senna is collected, 
mainly in September, from both wild and cultivated plants. 




496 


PHARMACOGNOSY 


Tlie brandies bearing leaves and pods are dried in the sun and 
conveyed to Omdurman. Here the pods and large stalks 
are first separated by means of sieves (see Senna Pods, p. 499). 
That which has passed through the sieves is then tossed '' 
in shallow trays, the leaves working to the surface and the 
heavier stalk fragments and sand to the bottom. The leaves 
are then graded, partly by means of sieves and partly by 
hand picking into (i) whole leaves, (ii) whole leaves and half 
leaves mixed, and (iii) siftings. The whole leaves are 
those usually sold to the public while the other grades are 



used for making galenicals. 
The drug is packed, some- 
what loosely, in bales and 
sent by rail to Port 
Sudan, whence it is ship- 
ped to London, New York, 
etc. 

TinneveUy senna is ob- 
tained from cultivated 
plants of Cassia angustifolia 
grown in South India, 
where the plants are more 
luxuriant than those found 
wild in Arabia. Owing to 
the careful way in which 
the drug is collected and 



Fig. 170. — Senna leaflets. A, 
B. Alexandrian. 


compressed into bales, 
the leaflets are usually 
Httle broken. Typical 
bales of senna are shown 
in Pig. 169. 

Macroscopical Characters. 
— Senna leaflets bear stout 
petiolules. The lamina has 
an entire margin, acute 
apex, and a more or less 
asymmetric base. The sur- 
faces are pubescent. Odour, 
slight but characteristic ; 
taste, mucilaginous, bitter- 


ish, and unpleasant. 

Typical senna leaflets are shown in Fig. 170. The main 
differences between the two varieties are as follows : — 
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Alexandrian Senna. 


Tinnevelly Senna. 


-H 2 

CU O 
8 « 


Seldom exceed 40 mm. in length. 
Greyish-green. 

More asymmetric at base. 

Rather more broken and curled at 
the edges. 

Few press markings. 



Hairs more numerous, the average 
distance between each being 
about three epidermal cells. 

Most of the stomata have two sub- 
sidiary cells only. 

Vein-islet number 25 to 29-5. 


Seldom exceed 50 mm. in length. 

Y ello wish-green . 

Less asymmetric at base. 

Seldom broken and usually flat 
owing to compression. 

Often shows impressions due to 
the mid vein of other leaflets. 

Hairs less numerous, the average 
distance between each being 
about six epidermal cells. 

The stomata having two and three 
subsidiary cells respectively 
are in the ratio of about 7 to 3. 

Vein-islet number 19-5 t o 22-5. 


Microscopical Characters. — Senna leaflets have an isobi- 
lateral structure (see Fig. 171). The epidermal cells have 
straight walls, and many contain mucilage. Both surfaces bear 



Fio. 171 . — Cassia angtisUfoUa. A, upper epidermis; B, lower epidermis; 
C, transverse section of leaflet; i, mucilage cell; 2, hair; 3, stoma; 
4, prisms of calcium oxalate ; 5, rosette crjrstals of calcium oxalate. 
All ca. 200 11. (After Thoms, Mandimch dev Pharmazie.) 
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scattered, iinicelltLlar, non-lignified warty hairs up to 260 fx long. 
The stomata have two cells with their long axes parallel to 
the pore and sometimes a third or fourth subsidary cell. 
The midrib and larger veins have a fibrous pericycle and 
a sheath of cells containing prisms of calcium oxalate about 
10 to 20 fx long- Cluster crystals of calcium oxalate are found 
in the mesophyll. For powder, see p. 105, 

Senna “ Stalks. — ^It is difficult to remove all fragments of 
rachis, petiole and stalk from the drug, but the amount of 
these structures is limited by the B.P. to not more than i per 
cent, of stalks'' and by the U.S.P. XI to not more than 8 per 
cent, of stems." In the whole drug the percentage of these 
is determined by hand picking and weighing, but in the 
powdered drug the determination is made by finding the 
epidermal area per gram. The anatomy of senna stalks and 
their determination in senna powder has been worked out by 
Saber* (see p. 157). 

Constituents. — Senna contains anthraquinone derivatives, 
flavonol colouring matters, a phytosterol and its glucoside, 
mucilage, calcium oxalate, and resin. Other constituents of 
importance probably remain to be isolated. 

According to Maurin (1922), the Alexandrian leaves contain 
about 1*55 per cent, of anthraquinone derivatives and the 
Tinnevelly about 1*35 per cent. The chief anthraquinone 
derivatives are aloe-emodin, Ci4H502(0H)2.CH20H, and 
rhein. Both exist in the drug in the free state and as glycosides. 
They were isolated by Tutin in 1913. 

The colouring matters, which are yellow, are ksempferol 
(1:3: 4'-trihydroxyflavone), its glucoside (ksempf erin) , and 
worhamnetin. These substances have no laxative action. 

Allied Ihrags.— -Bombay, Mecca, and Arabian Sennas are 
obtained from wild plants of Cassia angustifolia grown in 
Arabia. Some of the leaflets are shipped to Port Sudan and 
are graded Hke the Alexandrian drug, while some are sent to 
Bombay and frequently arrive in Kngland with shipments of 
the Tinnevelly. 

The leaflets resemble those of Tinnevelly senna but are 
somewhat more elongated and narrower, and of a brownish 
or brownish-green colour. Tevin (1929) states that they - may 
be distinguished microscopically from other sennas by their 
vein islet number. They appear to resemble closely the 
official leaves in activity. 

* Saber, Y.B. Pharm., 1934, 422 and 435. 
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Dog Senna, a variety formerly much |e^eme(ar ismerive 
from Cassia ohovata. The plant is ii^i^fious to Uppe 
Bgypt, but was cultivated in Italy in the^gxtgrath--4seirtur 
The leaves are obovate and quite different 

the official leaflets. WTien in powder they may be (ff nglushed 
by the papillose cells of the lower epidermis. Maurin found 
them to contain i*io to 1*15 per cent, of anthraquinone 
derivatives. 

The leaflets of other species of Cassia, e,g. C, montana, 
C. holosericea, and C. auriculata, have also been imported, but 
may be distinguished from the genuine drug by the characters 
given above. 

Substitute. — Argel Leaves, which are derived from Soleno- 
stemma arghel (Fam. Asclepiadacese), were at one time regularly 
mixed in a definite proportion with Alexandrian senna. The 
plant occurs in the Sudan, but the leaves are now seldom seen 
in commerce. If used to adulterate senna powder it may be 
distinguished by the two- or three-celled hairs, each of which 
is surrounded by about five subsidiary cells.* 

Uses. — Senna is a useful purgative either for habitual 
constipation or occasional use. It lacks the astringent after- 
effect of rhubarb. Owing to its somewhat griping effect it is 
often prescribed with carminatives. 

SENN^ FRUCTUS 

SenncB Fructus, B.P, ; Senna Pods ; F. Follicules de Sene ; 

G, Senneshdlge 

Source. — Senna pods are the dried, ripe fruits of C. acutifolia 
and C, angustifolia, which are known in commerce as 
Alexandrian and Tinnevelly senna pods respectively. 

Collection. — The pods are collected with the leaves and 
dried as described above. After separation from the leaves 
they are hand-picked into various quahties, the finer being 
sold in cartons and the inferior ones used for making galenicals. 

Characters. — ^The characteristic sizes and shapes of the two 
varieties are shown in Fig. 172. The Tinnevelly pods are 
longer and narrower than the Alexandrian and the brown area 
of pericarp surrounding the seeds is greater. The remains of 
the style are distinct in the Tinnevelly but not in the 
Alexandrian, 

* The micrc^opical features of these leaves and of other senna adulterants 
are illustrated in Thoms, Handhuch der Pharmazie, V, 2, nog. 
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After soaking in water tlie pods are readily opened and 
about six wedge-sbaped seeds disclosed, eacb. attached to tbe 
dorsal surface of tbe pod by a thin funicle. Under a lens tbe 
testas of tbe Tinnevelly show a general reticulation and wavy, 
transverse ridges, w hil e tbe Alexandrian show a general 
reticulation only. Tbe pericarp of the pod bears unicellular 
hairs similar to those found on senna leaves. 



Fig. 172. — Senna pods. A, Alexandrian ; B, Indian ; C, Alexandrian 
senna pod opened to show seeds, i, funiculus ; 2, seed. 

Constituents. — Tbe constituents of tbe pods are similar to 
those of the leaves. Maurin (1922) found 1*3 per cent, of 
antbraquinone derivatives in tbe Tinnevelly pods and 1*4 per 
cent, in the Alexandrian. Tbe fact that tbe pods are less 
griping than tbe leaves is said to be due to tbe fact that they 
contain less resin. 
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CASSIA FISTULA FRUCTUS 

Cassia Fistula ; Cassia Pods ; F. Casse en Batons ; 
G. Rohrenkassie 


Source. — Cassia pods are tlie dried ripe fruits of Cassia 
Fistula, a large tree thought to be indigenous to India but now 
widely cultivated in the tropics. The drug is chiefly obtained 
from the West Indies (Dominica and Martinique) and Java. 
Characters. — The fruit 


(Fig. 173) is a cylindrical, 
indehiscent pod about 25 to 
30 cm. long and 20 to 25 mm. 
in diameter. It has a short, 
woody stalk from which run 
the fibrovascular bundles of 
the dorsal and ventral 
sutures. The pericarp is 
dark chocolate brown to 
black in colour, and finely 
striated transversely ; it is 
thin but hard and woody. 
As the fruits ripen, mem- 
braneous dissepiments grow 
between the seeds, so that 
each is contained in a 
separate chamber. Hach 
fruit contains from 25 to 100 
seeds. 

The seeds are oval and 
reddish-brown. Hach has a 
dark line (the raphe) on one 
side and is attached to the 
dorsal side of the fruit by a 
delicate funicle (cf . senna) . 
The funicle usually breaks 
off dose to the seed if the 
latter is not extracted very 
carefully. In the fresh pods 



Fig. 175 . — Cassia Fistula, A, whole 
fruit ; B, portion of the same with 
pericarp partially removed ; C, seed ; 
D, transverse section of seed, i, 
dissepiment ; 2, pulp ; 3, seed ; 4, 
funicle ; 5, raphe ; 6, hilum ; 7, 

embryo; 8, endosperm. (C and I> 
after Thoms.) 


the seeds are completely embedded in black pulp, which. 


however, gradually dries on the septa. For this reason pods 


which do not rattle when shaken are usually preferred. A 


transverse section of the seed shows two, diagonally-placed. 
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yellow cotyledons, wMch. are surrounded by a borny, white 
endosperm. The pulp has a prune-hke odour, and a sweetish 
taste. 

Constituents. — ^The pulp, which is ofidcial, is dissolved from 
the crushed fruit by percolation with water. The percolate 
is strained and evaporated to a soft extract. 

The constituents of cassia pulp are very incompletely 
known. It contains about i per cent, of unidentified anthra- 
quinone derivatives, 50 per cent, of sugars, gum, colouring 
matter, and a trace of volatile oil. 

Allied Drugs. — ^The pods of Cassia mosohata (Musk or Small 
Cassia) are smaller than those of Cassia Fistula, and not more 
than 15 mm. in diameter. The pulp is paler in colour and has 
a characteristic odour, which has been likened to musk and 
to sandalwood. The fruits are grown in Central America and 
are rarely seen in Burope. 

Cassia grandis pods (Horse or Brazilian Cassia) are very 
large and laterally compressed. They are 50 to 80 cm. long 
and 4 to 9 cm. broad. The black pulp has a bitter, disagreeable 
taste. The fruits are grown in Brazil and Central America 
and are not used in Europe. 

XJses. — Cassia pulp is an ingredient of Confection of Senna. 


TAMARINDI PULPA 

Tamarindus, BP. ; West Indian, Brown, or Red Tamarinds ; 

F. Pulpe de Tamarin ; G. Tamarinde 

Source. — The official drug consists of the fruits of Tamarindus 
indica, which have been deprived of the brittle, outer part of the 
pericarp and preserved with sugar. 

The tamarind tree is about 25 metres high. It is found 
throughout the tropics, but is indigenous to Africa. It was 
introduced into the West Indies by the Spaniards. The West 
Indian tamarinds, which are those usually used in Britain 
and the U.S.A., are sometimes referred to T. indica var. 
occidentalis. The pulp is less acid and Hghter in colour than 
that produced in India and Africa. 

Collectioii and Preparation. — The fruits are about 5 to 15 cm. 
long. They have a brittle epicarp, a pulpy mesocarp, through 
which runs from the stalk about five to nine, branched fibres, 
and a leathery endocarp. The latter forms from four to 
twelve chambers, in each of which is a single seed. 
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In the West Indies the fruits ripen in June, July, and 
August. The epicarps having been removed, the fruits are 
packed in layers in barrels, and boiling syrup is poured over 
them. Alternately, each layer of 
fruits is sprinkled with powdered 
sugar. 

In the Old World tamarinds 
are usually prepared by removing 
the epicarps and pressing the 
residue into a compact mass, with 
or without the addition of salt. 

Characters. — Tamarind pulp 
occurs as a reddish-brown, moist, 
sticky mass, in which the y ellowdsh- 
brown fibres mentioned above are 
readily seen. Odour, pleasant and 
fruity ; taste, sweet and acid. 

The seeds are found, each 
enclosed in a leathery endocarp to 
which it is attached by a short 
funicle. The seeds are obscurely 
four-sided or ovate, and about 
15 mm. long. They have a rich 
brown testa marked with a large 
patch or oreole. Within the testa, 
which is very thick and hard, lies 
the embr3^o. The large cotyledons 
are interesting since they are 
composed very largely of hemi- 
cellulose, which stains blue with 
iodine. Microscopical examination 
shows that this colour is not due 
to starch since it is the cell wall 
and not the cell contents which 
stain blue. Fig. 174. — Tamarind fruit in 

Constituents. — Tamarind pulp longitudinal section, i, 
contains free organic acids (about 

10 per cent, of tartaric, citric, and funicle : 6 , oreole on seed, 

malic) , their salts (about 8 per cent. (After Berg and Sciunidt.) 

of potassium hydrogen tartrate), 

and invert sugar. The proportion of acids and salts is some- 
what lowered by the sugar added as a preservative and the 
sugar content correspondingly raised. The Pharmacopoeia 
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includes a test for absence of copper since this has sometimes 
been found in the drug, possibly owing to the use of a badly 
cleaned copper pan for the preparation of the syrup. 

Uses. — ^Tamarind pulp is an ingredient of Confection of 
Senna. 


H^MATOXYLI LIGNUM 

Lignum Campechianum ; Logwood ; Y. Bois de Compeche ; 

G. BlauholZy Campecheholz 

Source. — The logwood used in medicine is the unfermented 
heartwood of Hcematoxylon campechianum. The logwood tree 
is about 12 to i6 metres in height. It is indigenous to Central 
America (Yucatan, Campeachy, British Honduras), and has 
been introduced into the West Indies. 

Collection. — ^The trees are felled and the bark and colourless 
sapwood removed. The heartwood is exported in logs up to 
about 2 metres in length and 15 cm. in diameter. The colouring 
powers of the wood are increased by cutting it into chips by 
machinery, moistening, and allowing it to ferment in heaps for 
a month or more. This procedure was formerly adopted to 
fit the wood for use in dyeing. Dyers, however, now use 
logwood extracts and oxidising mordants. For use in medicine 
the unfermented wood is preferred. 

Chaxacters. — ^Externally logwood is purplish-red in colour, 
but internally it is reddish-brown. The transverse section 
shows alternating darker and lighter zones. These are due to 
the unequal distribution of the colouring matter between the 
zones consisting of wood fibres and those consisting of wood 
parenchyma and vessels. The chips should be free from green 
metallic lustre, showing that they have not been fermented. 

A decoction of the drug gives a blue-violet colour on the 
addition of solution of calcium hydroxide (sappan under 
similar conditions gives a carmine colour) . 

Constituents. — ^Logwood contains about 10 per cent, of a 
sparingly soluble, colourless substance called hsematoxylin, 
which readily oxidises on exposure to air to form a violet 
compound, hsematein. 

O2 = 

Hsematoxylin Hsematein 

(kydroxybrasilin) (hydroxybrasilein) 
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The medicinal wood contains hsematoxylin, a little 
hsematein, a gallitannin, and a trace of volatile oil. 

Uses. — ^Togwood is used in medicine as an astringent. 
Aqueous extracts are used in dyeing and in the manufacture 
of inks. 

Allied Drags. — Sappan Wood is the heartwood of Casalpinia 
Sapp an (Subfamily Caesalpinioideee) , a tree found in India 
and Malaya. It contains a yellowish compound, brasilin, 
which is readily oxidised to the deep red brasilein. These 
compounds are very closely related to hsematoxylin and 
hsematein. Brasilin is also found in Brazil wood {CcBsalpinia 
hrasiliense)y and peachwood {Cmsalpinia echinata). 

Bed Sanders Wood is the heartwood of Pterocarpus santalinus 
(Subfamily Papilionaceae), a tree grown in South India and the 
Philippine Islands. The wood occurs in very irregular billets 
or in small raspings. It has a dark purpHsh-red colour. The 
colouring matters differ from those of logwood and sappan 
in not being extracted by water. They are, however, extracted 
by alkaline solutions, alcohol, or ether. The chief colouring 
matters present are santalin, which has been obtained in 
blood-red crystals, and desoxy santalin. 

KRAMERI^ RADIX 

Krameriay B,P., RaianhcB Radix ; Krameria or Rhatany Root ; 

F. Racine de Ratanhia ; G. Ratanhiawurzel 

Source. — Krameria is the dried root of Krameria triandra, a 
small shrub with decumbent branches about i metre long. 
The drug is collected in Bolivia and Peru and is known in 
commerce as Peruvian rhatany. 

The roots of several other species of Krameria are imported 
from time to time, but the Peruvian drug is the only one now 
available in commercial quantities. Para rhatany, which was 
derived from the Brazilian species, Krameria argentea, was 
formerly ofiEcial. 

History. — The plant was discovered in 1779 by Ruiz, who 
observed that the Peruvians used the roots for cleaning their 
teeth. It was introduced into Spain in 1796. 

Macroscopical CJharacters. — The root has a knotty crown 
several centimetres in diameter and gives off numerous branch 
roots some of which attain a length of 60 cm. The official 
drug consists of pieces “ not more than 15 mm. thick ; larger 
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pieces are deficient in tannin. The roots are nearly cylindrical 
and are covered with a reddish-brown cork, which is scaly 
except in very young roots., 

A transverse section shows a reddish-brown bark which 
occupies about one-third of the radius and encloses a yellowish, 
finely-radiate wood. The bark readily separates from the 
wood. The former is astringent but the latter almost tasteless. 

Microscopical Characters. — The cork is about i to 1*5 mm. 
thick and consists of polygonal cells with dark brown, some- 
what wav3^ walls. The phloem contains numerous groups of 
non-lignified fibres and parenchyma containing starch or 
calcium oxalate, the latter in the form of prisms and as crystal 
sand. In the wood are wood fibres, pitted vessels, and medul- 
lary rays usually one cell wide. 

Constituents. — Krameria contains about 10 per cent of a 
phlobatannin (krameria-tannic acid) , a phlobaphene (krameria 
red), starch and calcium oxalate. It yields about 5 per cent, 
of ash and about 23 per cent, of matter soluble in dehydrated 
alcohol. 

Uses. — Krameria is used as an astringent. 

Allied Drug. — Para rhatany is distinguished from the 
Peruvian drug by the presence of deep transverse cracks in 
the bark and by the larger proportion of bark, which occupies 
about half the radius. It contains less alcohol-soluble matter. 

COPAIBA 

Copaiba^ BP, ; Balsam of Copaiba or Copaiva ; F. Baume 
de Copahu ; G. Copaivabalsam 

Source. — Copaiba is an oleo-resin obtained by incision from 
the trunks of various species of Copaifera, large trees indigenous 
to South America. The drug is largely obtained from the 
following species : — C. Jacquini, found in Panama, Colombia, 
Venezuela and Guiana ; C. guianensis , found in Guiana and 
Northern Brazil ; and C. reticulata, C. Langsdorfii , C. multijuga 
and C. officinalis, found in Brazil.* 

Considerable differences are to be expected in the com- 
mercial drug, since it is collected from many different species 
of tree, and the secretions are usually blended to meet the 

* Friese, J^erfum. Essent. Oil Rec,, 1934, 25 , 218, states that 70 per cent, 
of Brazilian copaiba is derived from C. reticulata and about 10 per cent. from. 
C. guianensis. 
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specifications of different piiarmacopoeias. Copaibas are there- 
fore named according to the district in which they are collected 
or the port from which they are shipped, e.g. Maracaibo, 
Angostura, Para, etc. 

History. — Copaiba was mentioned by a Portuguese friar in 
the sixteenth century. It was included in the lyondon 
Pharmacopoeia of 1677. 

Collection and Preparation. — The oleo-resin is contained in 
schizogenous ducts in the wood and pith. These form a 
network in each zone of secondary wood, anastomoses between 
neighbouring zones occurring at the nodes. It also appears 



Fig. 175. — ^Transverse section of the wood of Copaifera Langsdorfii. 
I, medullary ray ; 2, vessel ; 3, secretory cavity. (After Tsctdrch.) 


probable, at any rate in old trees, that lysigenous cavities are 
produced, although some disagreement exists on this point. 

The type of incision cut in the trunk of the tree closely 
resembles the box cut in pines for the collection of 
turpentine.* The box is cut to the centre of the tree but it 
is so sloped that instead of the secretion being baled out it is 
directed by a gutter of bark directly into the collecting vessel. 

The Maracaibo or Venezuelan drug is exported in canisters 
each holding about 25 kilos, while the Maranham and Para 
varieties arrive in small barrels holding about 40 kilos. 

* For a photograph showing a box being cut, see Tschirch’s Handbuch der 
Pkarmakognosie, III, 2, 1150. 
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Chaxacters. — Copaiba is a dear, viscous, yellow or yellowisb- 
brown liquid. The Maracaibo is somewhat more viscous than 
the Para and has a distinct duorescence.* Copaiba has a 
characteristic odour and an acrid, somewhat bitterish taste. 

The drug is soluble in an equal volume of alcohol, but the 
addition of further solvent produces a precipitate. The 
official product has a specific gravity of 0-960 to 0*995, and 
when aU the volatile oil has been removed leaves from 50 to 65 
per cent, of residue. 

Constituents. — ^The characters of some of the commercial 
varieties of copaiba are shown in the following table : — 


Variety. 

Specific 

Gravity. 

Resin, 
per cent. 

Volatile Oil, 
per cent. 

Maracaibo 

0*983 to 0*995 

53*8 to 6 i*43 

38*57 to 45*2 

Maturin 

0‘q 8^ to i*i«?o 

55 

45 

Angostura 

0*980 to 1-009 

59*9 

40*1 

BaMa . . . . . . 

0*980 to 1*031 

59-8 

40*2 

Cartagena . . . . . . 

0*958 to 0*988 

46*2 i 

53-8 

Para 

0*916 to 0*989 

23*87 to 59-53 

40*47 "to 90 

Surinam 

0*942 

— 

78 

British Gutana 

0*980 

47*89 

52*11 


The volatile oil of copaiba is l^vorotatory and consists 
mainly of sesquiterpenes (a-caryophyllene, /-cadinene, and a 
little j8-cary ophyllene) . The resins require further investiga- 
tion, and those of different varieties are not identical. The 
Maracaibo resin is said to consist of copaivic acid (an isomer 
of abietic acid), ^-metacopaivic acid, two copaibo-resenes, and 
a little crystalline illurinic acid. 

Adulterants. — The absence of gurjun balsam, fixed oils, and 
oil of turpentine is shown by tests described in the 
Pharmacopoeia. 

Gurjun halsam is an oleo-resin produced in India from 
various Dipterocarpous trees, particularly Dipterocarpus 
turhinatus. The oil distilled from gurjun balsam has a rota- 
tion of about — 80°, that from copaiba seldom exceeding — 30*^. 

African copaiba, so-called, is probably derived from Hard- 
wickia Mannii. An Indian species, H, pinnata, also 3delds a 
copaiba substitute. African copaiba yields a dextrorotatory 
oil (+5° "to +30°), and the Indian a laevorotatory one ( — 7° to 

* Alth-Ougii the Paxa shows little or no fluorescence in daylight, it has a 
distinct fluorescence when examined in jQltered ultra-violet light. 
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— 9°). African copaiba lias a peppery odotir and may deposit 
crystals of illurinic acid on standing. 

Uses. — Copaiba owes its medicinal action mainly to tlie 
volatile oil. It has a stimulant, antiseptic and diuretic action, 
and is used in chronic inflammation of the genito-urinary tract 
and in chronic bronchitis. 

Order MYRTIFLORAE 

The order Myrtiflorse includes the families Tythracese, 
Thymelaeacese, Punicacese, Combretacese and Myrtacese. The 
following drugs may be noted : — 

Lawsonia; Syn. Henna . — Henna consists of the dried 
leaves of Lawsonia alba (Fam. Tythracese), a shrub cultivated 
in North Africa, India and Ceylon. The leaves (Fig. 176) are 



Fig. 176. — ^Henna leaves. 

greenish-brown to brown and about 2*5 to 5 cm. long. The 
apex is mucronate, the margin entire and revolute, and the 
venation pinnate. Henna contains a colouring matter, lawson 
(a hydroxynaphthoquinone), fats, resin and hennatannin. 
Henna is commonly used as a dye for the hair, and wool washed 
in a dilute solution of ammonia and boiled in a decoction of 
the drug should be dyed a Titian-red. 
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Mezereum; Syn. Mezereon Bark . — Mezereon consists of the 
dried bark of Daphne Mezereum, D. Laureola and D. Gnidium 
(Fam. Thymelseacese) . The drug occurs in long, hexible strips 
up to about 2 cm. wide. The outer surface is olive-brown or 
yellowish {D. Mezereum) or purplish-grey {D. Laureola), and 
marked with the scars of buds and leaves. The drugs have a 
persistent acrid taste, which appears to be due to a greenish- 
brown resin. 

Myrobalaaum ; Syn. Myrobalans. — ^Myrobalans, as used 
in medicine, are the dried immature fruits of T erminalia 
Chebula (Fam. Combretacese) , a tree common in India. The 
immature fruits are black, ovoid and about i to 3 cm. long. 
They contain about 20 to 40 per cent, of tannin and a greenish 
oleo-resin. The mature fmiits, which are used as a tanning 
material, are larger and yellowish-brown in colour. 

Gummi Indicum; Syns. Indian Gum or Ghatti Gum . — This 
gum is derived from Anogeissus latifolia (Fam. Combretacese) 
and is a substitute for acacia gum 

Granati Fructus Ck)rtex; Pomegranate Rind . — ^This consists 
of the dried pericarp of the fruit of Tunica Granatum (Fam. 
Punicacese). It occurs in thin, curved pieces about 1*5 mm. 
thick, some of which bear the remains of the woody calyx or 
a scar left by the stalk. The outer surface is brownish-yellow 
or reddish- The inner surface bears impressions left by the 
seeds. The microscopy of the drug has been investigated by 
Griffiths.* Pomegranate rind is very astringent and contains 
about 28 per cent, of tannin and colouring matters. It should 
be carefully distinguished from the root bark which contains 
alkaloids. 

Granati Radicis Cortex; Pomegranate Root Bark . — ^This con- 
sists of both the stem and root barks of Tunica Granatum. It 
occurs in curved or channelled pieces about 5 to 10 cm. long 
and I to 3 cm. wide. The outer surface of the stem bark shows 
longitudinal corky furrows, a few shallow depressions and the 
dark apothecia of lichens, whilst that of the root bark shows 
depressions where the outer layers have exfoliated. The 
barks are smooth and yello-wish on their inner surfaces and 
break with a short granular fracture. They contain about 
0'5 to 0*9 per cent, of volatile liquid alkaloids, the chief of 
which are pelletierine and pseudo-pelletierine, together with 
about 22 per cent, of tannin. 

* Grif&tlis, The Structure of Pomegranate Rind, Y .B. Pharm., 1935, 
^22—630. 
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Family- MYRTACEffl 

The M^^rtacese includes 73 genera and about 2,750 species 
of evergreen sbnibs and trees. The family is well represented 
in Australia, the East Indies, and tropical America. It is 
conveniently divided into two subfamilies : 

Subfamily Myrtoideae. — ^Fruit a berry or drupe, e.g. Eugenia^ 
Pimenta, and Myrtus. 

Subfamily Leptospermoideae. — ^Fruit dry, e.g. in Eucalyptus 
and Melaleuca it is a loculicidal capsule. 

The most noteworthy anatomical features are the schizc- 
lysigenous oil glands, which are found in the young stems, 
leaves, flowers and fruits, and the presence of bicollateral 
vascular bundles. 


CARYOPHYLLUM 

Caryophyllunif B.P. ; Cloves ; F. Girofie, Clous de Girofles ; 

G. Gewurznelken 

Source. — Cloves are the dried flower buds of Eugenia 
aromaiica (Einn.) Baill., a tree 10 to 20 metres high which is 
indigenous to the Molucca or Clove Islands. It is now 
cultivated in Zanzibar and in the neighbouring island of 
Pemba, which together produce more than three-quarters of 
the world's supply of cloves. Smaller quantities are grown in 
Penang, Malacca, Sumatra, Amboyna, Madagascar, Seychelles, 
Bourbon, Mauritius, the West Indies, and Cayenne. 

History. — Cloves were used in China as early as 266 b.c., 
and by the fourth century they were known in Europe, 
although very expensive. Ibn Khurdadbah {ca. 869) and 
Marco Polo both thought that the spice came from J ava, but 
Nicolo Conti in the fifteenth century learnt that they came to 
Java from Banda. 

The Spice Islands were occupied by the Portuguese at the 
beginning of the sixteenth century, but they were expelled 
by the Dutch in 1605. As in the case of nutmegs, the Dutch 
made every effort to secure a monopoly, destroying all the 
trees in their native islands (Tamati, Tidor, Mortir, Makiyan, 
and Bachian) and cultivating them only in a group of small 
islands of which Amboyna is the largest. In 1770, however, 
the French succeeded in introducing dove trees into Mauritius 
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and cultivation was afterwards taken up in Sumatra (1803), 
Penang, Cayenne, Madagascar, Zanzibar (1818), Pemba, etc. 

Collection and Preparation. — The flower buds are collected 
when their lower part turns from green to crimson. In 
Zanzibar and Pemba collection takes place twice yearly, between 
August and December. The inflorescences are collected from 
movable platforms, or the buds are detached by means of 
bamboos. The cloves are dried in the open air on mats 
(Fig. 22) and separated from their peduncles, the latter forming 
a separate article of commerce known as clove stalks 
(Fig. 177, D). If left too long on the tree the buds open and 
the petals fall, leaving “ blown cloves ; later the fruits 
(Fig. 177, C) known as mother cloves '' are produced. A 
small proportion of these, usually at a stage intermediate 
between that of a clove and a fuHy ripe fruit, are frequently 
found in the drug. Cloves are imported in bales covered with 
matting made from strips of coconut leaves. 

Macroscopical Characters. — Cloves are from 10 to 17*5 mm. 



long (cf. A and B in 
Fig. 177) . The Penang 
and Amboyna varieties 
are the largest and 
plumpest, and are most 
esteemed, but they are 
in such demand in the 
East that relatively 
small quantities of them 
reach Europe. The 
Zanzibar variety is, 
however, of good qual- 
ity although smaller 
and leaner than the 
Penang and of a black- 
ish-brown rather than 
a reddish-brown colour. 

The ‘‘ stalk of the 
clove consists of a cylin- 


Fig, 177 . — Eugenia aromcdica. A, Penaxig drical hypanthium, Or 

clove ; B Zan^bar clove ;C, fruit (mother swelling of the torUS, 
clove) ; D, clove stalk ; E, clove cut ^ 

longitudinally. i, sepal ; iz, petal ; 3, above which IS a bilo- 


stamens ; 4, style ; 5, ovules ; 6, hypan- 
thiuin ; 7, oil glands. 


cular ovary containing 
numerous ovules at- 


tached to axile placentae. The head consists of four slightly 
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projecting calyx teeth, four membraneous, imbricated petals, 
and numerous incurved stamens surrounding a large style 


(Fig. 177, B). 

Cloves have a strong, 
fragrant and spicy odour 
and a pungent, aromatic 
taste. When indented with 
the fingernail they readily 
exude oil. Cloves sink when 
placed in freshly boiled and 
cooled water* (distinction 
from cloves which have been 
exhausted of volatile oil) . 

Microscopical Characters 
A longitudinal section shows 
under the microscope num- 
erous schizolysigenous oil 
glands, which are particu- 
larly abundant in the outer 
part of the stalk,'' the 
calyx teeth, and petals. 
Abundant parenchyma, 
containing cluster crystals 
of calcium oxalate 6 to 20/x in 
diameter, and fibrovascular 
bundles will also be noted. 
The anthers have a cha- 
racteristic fibrous layer and 
contain pollen grains 15 to 
20ft in diameter which are 
triangular in outline . 

A transverse section of 



the hypanthium (Fig. 178) 
shows a very heavily 
cuticularised epidermis in 
which are occasional 
stomata. Below this is a 


Fig. z 78. — ^Transverse section of clove. 
I, epidermis ; 2, oil gland ; 3, rosette 
of calcium oxalate ; 4, phloem fibre ; 
5, phloem ; 6, xylem ; 7, air space ; 
8, fibro- vascular bundle with internal 
phloem. (After Herail.) 


zone rich in oil glands, followed by a ring of fibrovascular 
bundles, a parenchymatous zone exhibiting large air spaces. 


* Genuine cloves will sometimes float when placed in water owing to the 
air bubbles on their surface. If, however, the water is first boiled and 
cooled these bubbles rapidly dissolve and the cloves sink. The quality of 
cloves is sometimes judged by setting one on fire and observing how it bums, 

ss 
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and a ring of bicollateral vascular bundles. If a section is 
mounted in a concentrated solution of potassium hydroxide, 
acicular and radiately aggregate crystals separate in the oil 
glands owing to the presence of the phenol, eugenol, in the oil. 

For details of the powder, see p. 99- 

Starch, prisms of calcium oxalate, and sclerenchymatous 
cells are absent from a powder consisting of the flower buds 
only. The Pharmacopoeia, however, admits a drug containing 
not more than 5 per cent, of clove stalks and not more than i 
per cent, of other organic matter (clove fruits, etc.). Clove 
stalks contain bast fibres and sclerenchymatous cells in the 
ratio of 10 to 21,* while clove fruits contain starch. 

Constituents. — Cloves contain about 14 to 21 per cent, of 
volatile oil (see below), 10 to 13 per cent, of tannin, and a 
crystalline substance called caryophyllin. The latter is white 
and odourless, and is soluble in ether and boiling alcohol. 
Cloves yield about 6*5 per cent, of ash (official limit not more 
than 10 per cent.). 

Clove stalks yield 5 to 6 per cent, of volatile oil. 

Uses. — Cloves are used as a stimulant aromatic and for the 
preparation of the volatile oil. 


OLEUM CARYOPHYLLI 

Oleum Caryophylli, B.P. ; Oil of Cloves ; F. Huile Volatile 
de Girofle ; G. Nelkendl 

Oil of cloves is prepared by steam distillation. It is a 
colourless or pale yellow liquid, which is slightly heavier than 
water (sp, gr. 1*047 1*060). It is soluble in from one to two 

volumes of alcohol (70 per cent.). 

Clove oil contains 84 to 95 per cent, of phenols (eugenol 
with about 3 per cent, of acetyleugenol) , sesquiterpenes 
(a- and j8-caryophyllenes), and small quantities of esters, 
ketones, and ^cohols. The official oil has a phenol content 
of 85 to 90 per cent. The phenols are estimated by absorption 
with solution of potassium hydroxide in a graduated flask as 
described in the Pharmacopoeia. Those oils which have a 

* The proportion of clove stalks present in a particular sample of powdered 
cloves may be accurately determined by making counts of the relative number 
of bast fibres and sclerenchymatous cells. For example, a sample containing 
bast fibres and sclerenchymatous cells in the ratio of 6 to 12 contains 60 per 
cent, of clove stalks. A full account of the method will be found in Schneider's 
Microancdysis of Powdered Vegetable Drugs, pp. 154--162. 



MYRTACEM 


515 


relatively low phenol content are known in commerce as 
“ opt/' and are the ones mainly used in pharmacy, while the 
“ strong " oils are used in the manufacture of vanillin. The 
stages leading to the conversion of eugenol into vanillin may 
be represented : 


Isomeric 

Eugenol Jsoeugenol 

change 


A cetylation Oxidation 

Acetylisoeugenol AcetylvaniUiu 

Hydrolysis 


4 ^ 

Vanillin 


Oil of cloves is used as a flavouring agent, stimulant 
aromatic, and antiseptic. 


PIMENTO FRUCTUS 

Pimento ; Allspice, Jamaica or Clove Pepper ; F. Touts- epice^ 
Piment de la Jamatque ; G. Englisches Gewiirz, N elkenpfeffer 

Source. — ^Pimento is the dried nearly ripe fruit of Piment a 
officinalis, an evergreen tree grown in the West Indies ( J amaica, 
Cuba, Trinidad, etc.) and Central America. 

The fruits are collected before they are quite ripe as they 
otherwise lose much of their aroma and become filled with a 
sweet pulp. 

Characters. — The pimento flower and fruit closely resemble 
those of the dove. The bilocular ovary, however, develops 
two seeds whereas only one is produced in the clove. 

Pimento fruits are globular and from 4 to 7 mm. in diameter. 
At the apex of the fruit are four, small calyx teeth surrounding 
a short style (cf. dove fruit. Fig. 177, C). The pericarp is 
reddish-brown, rough and woody, and about i mm. thick. 
Sections show numerous oil glands in the pericarp. Hach of 
the two loculi contains a single plano-convex seed. Pimento 
has a characteristic, aromatic odour and taste. 

Constituents. — ^Pimento fruits yield about 3 to 4*5 per cent, 
of volatile oil which, when estimated by the method used for 
oil of doves, shows a phenol content of 65 to 80 per cent. The 
on also contains dneole, /-phellandrene, and caryophyllene. 

Substitutes. — The fruits of four other species of Piment a 
are used as spices in the West Indies, Guiana, or Venezuela. 
English supplies of the spice are, however, derived almost 
exdusively from Jamaica, where the fruits are marketed by a 
pimento growers' association, and adulteration is unlikely. 
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OLEUM EUCALYPTI 

Oleum Eucalypti, B.P. ; Oil of Eucalyptus ; F. Hu%l6 
Volatile de Eucalyptus ; G. Eucalyptuso 
^ n,-l nf eucalvtjtus is a volatile oil distilled from the 

to a small extmt in g , ^ certain 

ior use. 



Fig. 179 . — Eucalyptus globulus. A, l^ancF of 

£St,siLrta‘.n%rB"t5"“;Xv 

Pharmak ognosis . ) 


MYBTACEJE 


517 


The chief requirements are a high cineole content and the 
absence of appreciable quantities of phellandrene and 
aldehydes. Suitable oils are derived from E. folybractea, 
E. Smithii, and E. australiana. In the case of the latter 
species, the oil used in pharmacy is that collected during the 
first hour of the distillation, that which passes over 
subsequently being used for mineral separation. 

Characters of Plant. — Eucalyptus trees possess two kinds of 
leaves, those on young plants being cordate and sessile, while 
those on mature trees are petiolate and scimitar-shaped 
(Fig. 179, A and B). Differences, of course, exist among the 
various species. Both kinds of leaf contain oil glands in the 
mesophyil and are used for the preparation of oil. 

In the flower the petals form a two-la^^ered cap, which 
separates as the flower opens. The fruit is a capsule which 
splits loculicidally in the upper portion. Fig. 179, D, should 
be compared with the longitudinal section of a clove. 

Characters of Oil. — Oil of eucalyptus is a colourless or pale 
yellow liquid. It has an aromatic and camphoraceous odour ; 
and a pungent, camphoraceous taste, which is followed by a 
sensation of cold. Some of the characters of the oils referred 
to above are shown in the following table : — 


£. australiana 

(isif hour's dis- E. polyhractea E. SmitMi. 
iillaiion). 


Specific Gravity . , 
Optical Rotation . . 
Refractive Index . . 
Cineole * . . 


0-9211 

+ 1 - 4 ® 

1*4628 

74 per cent. 


6-9143 to 0-9300 


1-4592 to 1-4736 
up to 90 per 
cent. 


0- 909S to 0-9210 
+ 4-2° to +7-6° 

1- 4571 to 1-4650 
61-5 to 85-2 per 

cent. 


Other species of Eucalyptus yield oils suitable for use in 
medicine, e.g. Eucalyptus globulus. The latter oil is, however, 
now of minor importance. Parry lists over thirty Eucalyptus 
species which yield oils containing an appreciable quantity 
of the terpene phellandrene for which a limit test is given in the 
Pharmacopoeia. Other oils are excluded by the official limit 
test for aldehydes. One of the latter is ‘‘ citron-scented 

* These figures are not strictly comparable with one another or with the 
official requirement, being arrived at by the phosphate or the resorcinol 
methods and not by the official assay process. Cineole is also known as 
eucal5rptol and cajuputol. 
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eucalyptus oil, widch is derived from Eucalyptus ciiriodora. 
It is used in perfumery and contains a higli proportion of the 
aldehyde, citronellal. 


OLEUM CAJUPUTI 

Oleum Cajuputi, B.P. ; Oil of Cajuput ; F. Essence de 
Cajeput ; G. Cajeputdl 

Source. — Oil of cajuput is a volatile oil distilled from the 
fresh leaves of Melaleuca Leucadendron Linn, and other species 
of Melaleuca, and rectified by steam distillation. The plants 
are evergreen shrubs or trees found in the East Indies and 
Australia. Most of the oil is produced in the islands of 
Bourn and Banda. It is exported in wine bottles or drums. 

History. — The oil was first described by Rumphius in 1741. 
Its use in England dates from about 1788, when it was included 
in the Edinburgh Pharmacopoeia. 

Characters. — The unrectified oil contains sufficient copper, 
probably derived from the still, to give it a distinct green or 
bluish-green colour. Redistillation in steam gives a colourless 
or yellow oil. It has a pleasant, camphoraceous odour and a 
bitter, aromatic and camphoraceous taste. 

Constitueiits. — Oil of cajuput contains about 50 to 60 per 
cent, of cineole, terpineol and its acetate, and /-pinene. 

Uses. — The oil is used externally for rheumatism and certain 
skin diseases, and internally for flatulent colic, etc. 


Order UMBELLIFLORiE 

The UmbeUiflorae comprises the families Umbelliferse, 
Araliacese, and Comaceae. 

Family UMBELLIFER^ 

The Umbelliferae includes about 270 genera and 2,700 
species. Most of the members are herbs with furrowed stems 
and hollow intemodes. Some are annuals, e.g. coriander, 
some biennials, e.g, hemlock, and some perennials, e.g. species 
of Ferula. The leaves are usually large and have a sheathing 
base and much divided lamina. The flowers are small and 
arranged in simple or compound umbels. Each has a five- 
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lobed calj^x, five petals, five stamens wMch are inflesred in the 
bud, and an inferior two-celled ovary. The fruit is a cremo- 
carp, which is frequently crowned with a conspicuous stigma- 
bearing disc known as the stylopodium. When ripe the two 
mericarps separate from one another but frequently remain 
attached to the simple or forked carpophore which lies between 
them. The line separating the two mericarps is known as the 
commissure. 

Each mericarp contains a single seed which consists of a 
large, oily endosperm, which has a small embryo embedded in 
it near the apex. Eive primary ridges containing fibro- 
vascular bundles run from base to apex in the pericaip, and 
secondary ridges sometimes alternate with these. Between 
the ridges are schizogenous oleo-resin canals (vittse). 

In addition to the vittse found in the fruit, schizogenous 
resin ducts occur in the stems and roots. These yield products 
such as asafetida, galbanum, and ammoniacum. Medullary 
bundles are found in the stems and roots of many species, e.g, 
in Ferula (see Fig. 185). A similar structure is found in the 
tuberous roots of the British plant, CBnanthe crocata. 

Apii Fructus; Apium ; Celery ; Celery Fruit. — ^The drug 
consists of the dried ripe fruits of Apium graveolens. The 
cremocarp is brown, subspheiical and about i to 1*5 mm. 
long. The mericarps are mostly separate in the drug and each 
shows five straight primary ridges. A transverse section is 
almost pentagonal and shows 6 to 9 vittse, 2 on the commissural 
surface and 4 to 7 in the grooves of the dorsal surface. Odour 
and taste, aromatic. Celery fruits contain 2 to 3 per cent, of 
oil consisting of terpenes with smaller quantities of the anhy- 
dride of sedanonic acid, the lactone of sedanolic acid and 
phenols. 

Conii Fructus; Hemlock Fruit. — The drug consists of the 
dried unripe fruits of Conium maculatum, the spotted hemlock, 
a poisonous biennial plant indigenous to Britain and Europe. 

The fruit is a broadly ovate, somewhat laterally- compressed 
cremocarp about 3 mm. long. It bears a small stylopod 
and the remains of the stigmas. Each mericarp has five 
prominent, primary ridges, the width of which is constantly 
altering so as to give them a beaded appearance. The trans- 
verse section differs from that of most umbelliferous fruits in 
not showing conspicuous vittae, although numerous very small 
ones are actually present. The endosperm is deeply grooved 
and is surrounded by well-marked, alkaloid-containing layers. 
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When hemlock is treated with solution of potassium 
hydroxide it develops a strong, mouse-like odour owing to 
liberation of the alkaloid, coniine. The latter is volatile and 
may be steam distilled. It is present to the extent of i to 2-5 
per cent, together with IST-methyl coniine, conhydrine, pseudo- 
conhydrine, and y-coniceine. 

Hemlock was the plant used by the Greeks for preparing a 
draught by means of which criminals were put to death. It 
was employed in Anglo-Saxon medicine and was in con- 
siderable use until about fifty years ago. Although now 
rarely employed it merits attention as one of the commonest 
of our indigenous poisonous plants, and on account of the 
fact that coniine was the first alkaloid to be synthesised 
(Tadenburg, 1886). 


FCENICULI FRUCTUS 

F o&niculum, B.P. ; Fennel Fruit ; F. Fr^dt de Fenouil : 

G. Fenchel 

Source. — ^Fennel consists of the dried ripe fruits of Fceniculum 
vulgar e IMiller, obtained from cultivated plants. Fennel is 
cultivated in Germany, Holland, Austria, Hungary, Galicia, 
Bulgaria, Foumania, Russia, the South of France, Italy, and 
in North America, The German, Galician, and Russian 
fruits are usually considered the best for pharmaceutical 
purposes. The fennel is a variable plant and the following 
subspecies and varieties are recognised : — 

Subspecies I, piperitum Coutinho, a wild fennel found in 
Sicily. 

Subspecies II, capillaceum (Gihb.) Holmboe, a fennel which 
is indigenous to the Mediterranean but is widely cultivated. 
It exists in three varieties, namely, var. a-vulgare, var. ^- 
dulce, and var. y-azoricum. The common English fennel is a 
perennial herb about i to 1*5 metres high. The leaves are 
divided into hair-like segments, a character which is denoted 
by the name capillaceum for the subspecies. 

History. — ^F ennel fruits were used by the ancient Romans. 
The succulent fruits were also used by them as a vegetable 
and are so employed in southern Italy at the present time. 
The cultivation of the plant in Central Europe was encouraged 
by Charlemagne. 
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Collection and Preparation. — The whole plants are cut when 
the fruits are ripe, dried in the sun, and the fruits separated 
by thrashing. Other umbelliferous fruits are prepared in the 
same way. It is said that some of the commercial oil of fennel 
is prepared by distilling the whole herb. 

Macroscopical Characters. — The commercial drug consists 
partly of whole cremocarps (Fig. i8i. A), some of which have 



Fig. iSo. — Fosniculum vulgare. Fruiting plant (Sutcliffel. 

the pedical attached, and partly of isolated mericarps. The 
fruits are glabrous and are crowned with a stylopod. The 
mericarps are straight or but slightly curved, from 5 to lo mm. 
long and 1-5 to 4 mm. broad. Each bears five, almost equally 
prominent, ridges. When cut transversely, the vittae may 
be seen with a lens but are best examined microscopically. 
Odour, aromatic ; taste, strongly aromatic. 




Fig. i8i.— Fennel. A, wliole fruit ; B, transverse section of mericarp. 
I, epidermis ; 2, fibro-vascular bundle ; 3, vitta ; 4, endosperm ; 

5, raphe ; 6, ca^ophore. C, powdered fennel. Ci, inner epidermis of 
pericarp consisting of elongated parenchymatous cells in parallel groups 
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Microscopical Characters . — A transverse section of a fennel 
mericarp (Fig. i8i, B) shows five primary ridges in each of 
which is a vascular strand ; six vittse, four on the dorsal and 
two on the commissural surface, and a non-grooved endo- 
sperm. The raphe lies on the inner side of the endosperm. 
The small embryo, since it lies near the apex of the mericarp, 
will onl5^ be seen in sections passing through that region. 

More detailed examination shows that the outer epidermis 
of the pericarp is glabrous (distinction from many other 
umbelliferous fruits), and that it is composed of polygonal cells 
having a smooth cutide and occasional stomata (Fig. i8i, Co). 
The mesocarp consists of parenchyma and, veiy^ characteristic, 
lignified, reticulate cells (C3). In the ridges are tracheids and 
fibres (C4). The vittse are lined with small, dark reddish- 
brown cells (Cg) . The inner epidermis of the pericarp consists 
of elongated, parenchymatous cells in groups of six or more ; 
in the powder these frequently adhere to the parenchyma of 
the mesocarp (Ci) or to the seed coat (C9). 

The testa is thin and consists of brownish, tangentially- 
elongated cells having granular contents. Within it lies a 
large endosperm consisting of colourless, rather thick-walled 
parenchyma which contains small aleurone grains (Cg and C5) 
and globules of fixed oil. Microsphseroidal crystals of calcium 
oxalate 2 to 5ft are present in the aleurone grains. Starch is 
absent. For powder, see p. 99. 

Constituents. — ^Fennels contain about 2 to 5 per cent, of vola- 
tile oil. In German, Russian, and Galician fennels the oh con- 
tent is high and the oil contains about 60 per cent, of anethole 
and 18 to 22 per cent, of the ketone, fenchone, CioHigO. The 
oil of sweet or Roman fennel contains little or no fenchone, 
Japanese contains about 10 per cent, and Indian about 6*7 per 
cent. Oils containing little fenchone usually have a high 
anethole content. Anethole, C10H12O, is a phenolic ether. 
It readily separates from the oil on cooling, particularly if a 
crystal of anethole be added. Its presence in the bitter '' 
oils of fennel gives them their distinctive taste. 

Fennel also contains fixed oil, aleurone, and calcium oxalate. 
It yields about 9 per cent, of ash (ofiScial limit, 12 per cent.). 


of six or more with adjacent parenchyma of mesocarp ,* outer epidermis 
with stoma ; C3, reticulate cells of mesocarp ; C4, tracheids and fibre ; 
C3, aleurone grams ; C®, fragments of endosperm ; Cy, inner epidermis of 
pericarp ; Cg, lining of a vitta ; Cg, a similar fragment to but with 
adhering seed coat. (C after Thoms, Handbuch der Pharmazie.) 
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Varieties . — The above description applies most closely to 
the German, Russian, Galician, and Roumanian fruits. These 
may, however, be distinguished from one another by their sizes 
and by the dimensions of the vittae as seen in transverse section. 


Variety. 

Size of Fruit. 

Size of Vitiee in T.S. 

V olatiJe 
Oil, per 
cent. 

German 

6—10 mm. X 3—4 mm. 

0-2—0-22 mm. X 0-07—0-08 mm. 

4.7 

Russian 

5—6 mm. X 1-5-4 mm. 

0-2 mm. X 0-04—0-05 mm. 

4-8 

Galician 

4—5 mm. X 1—1-5 

0-2—0-22 mm. xo-o8— o-io mm. 

4-4 


French Bitter Fennel is 4 to 5 mm. long and 2 to 3 mm. 
broad, and greenish in colour. The fruits are broader towards the 
apex than the German fennel,* and have a sweet, anise-like taste. 
The vittse measure in transverse section 0*11 mm. in length and 
0*04 to 0*05 mm. in breadth. Sweet fennel yields 2 to 3 per 
cent, of volatile oil, which contains little or no fenchone. 

Japanese Fennel is 3 to 4 mm. long and 2 to 3 mm. broad, 
ovoid in shape, and greenish-brown in colour. It has a sweet 
and camphoraceous taste. The vittse measure in transverse 
section 0*15 to 0*16 mm. in length and 0*07 to o*o8 mm. in 
breadth. The fruits yield about 2*7 per cent, of volatile oil, 
which contains about 10 per cent, of fenchone. 

India^i Fennel is derived from F, panmorium, which is 
possibly a variety of F, vulgare. The fruits are 6 to 7 mm. 
long, brownish in colour, and have a sweet taste. They yield 
only 0*72 per cent, of volatile oil, which contains 6-7 per cent, 
of fenchone. 

Uses. — Y ennel is used as an aromatic and carminative. It 
is an ingredient of Compound Powder of Tiquorice. 


CORIANDRI FRUCTUS 

Coriandrum, B.P, ; Coriander Fruit ; F. Coriandre ; 

G. Koriander 

Source. — Coriander is the dried, ripe fruit of Coriandrum 
sativum, an annual about 2 feet high with white or pinkish 
dowers. It is indigenous to Italy, but is widely cultivated in 

* Figured in Thoms, Handhuch der Pharmazie, V, 1402. 
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Central and Bastem Bnrope, 
the Mediterranean (IMorocco, 
Malta, Egypt), and India. 
Thuringia, Russia, and Hol- 
land are important producers. 

History. — Coriander is 
mentioned in the papyrus of 
Bbers {ca. 1550 B.C.), and in 
the writings of Cato and 
Pliny. It was well known 
in England before the Nor- 
man Conquest and has long 
been cultivated in Essex. 

Macroscopical Characters . — 
The drug usually consists of 
the whole cremocarps, which 
when ripe are about 4 mm. 
in diameter and of a straw- 
yellow colour. Each con- 
sists of two hemispherical 
mericarps united by their 
margins. The apex bears 
two, divergent styles. The 
ten, primary ridges are wavy^ 
and inconspicuous ; alterna- 
ting with these are eight 
more prominent, straight, 
secondary ridges. The fruits 
have an aromatic odour and 
a spicy taste. They are 
somewhat liable to insect 
attacks. 

Microscopical Characters. — 

A transverse section of a 
fully ripe fruit shows only 
two vittse in each mericarp, 
both on the commissural 
surface. The changes which 
take place on ripening are 
shown in Fig. 182. The 
numerous vittae present in 
the immature fruit on the 
dorsal surface of each meri- 



A B 



E 

Fig. 182 . — Coriandrum sativum. A, 
whole fruit ; B, fruit cut longitu- 
dinally, showing embryo ; C, trans- 
verse section of unripe fruit ; D, 
transverse section of half-ripe fruit ; 
E, transverse section of fully-ripe 
fruit. I, vittae ; 2, vascular bundle ; 
3, sclerenchyma ; 4, carpophore ; 5, 
endosperm ; 6, cotyledon. (C, D, 
and E after Tschirch.) 
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carp gradually join and are eventually compressed into slits. 
Tlie outer part of the pericarp, which possesses stomata and 
prisms of calcium oxalate, is more or less completely thrown off. 
Within the vittse-bearing region of the mesocarp a thick layer 
of sclerenchyma is formed, which consists of pitted, fusiform 
cells. The endosperm is curved and consists of parenchy- 
matous cells containing fixed oil and aleurone grains. The 
latter contain rosettes of calcium oxalate in diameter. 

For powder, see p- 99. 

Constituents. — Coriander fruits contain up to I per cent, of 
volatile oil. This contains 65 to 70 per cent, of ^^-linalol 
(coriandrol) and pinene. The fruits 3deld 5 to 7 per cent, of 
ash.. 

The amount of volatile oil in the different varieties is 
approximately as follows : — Russian, o-8 to i per cent. ; 
Thuringian and Moravian, 0-6 to 0*8 per cent. ; Dutch, o*6 per 
cent. ; Italian, 0-5 per cent. ; French, 0-4 per cent. ; Moroccan, 
0*2 to 0‘3 per cent., and East Indian, 0*15 to 0*2 per cent,, 
The unripe plant has an unpleasant, mousey odour, which is 
also present in oil distilled from unripe fruits. 

Uses. — Coriander is used as a flavouring agent and carmi- 
native. It is an ingredient of Compound Tincture of Rhubarb. 


CARUI FRUCTUS 

Carum, B.P. ; Caraway Fruit ; F. Fr^dt de Carvi, Cumin 
des Pres ; G. Gemeiner Kilmmel 

Source. — Caraway consists of the dried, ripe fruits of Carum 
Carvi, a biennial herb about i metre high. It occurs both 
wild and cultivated in Central and Northern Europe (Holland, 
Germany, Russia, Finland, Norway, Sweden, and England) 
and in Morocco. 

History. — Caraway fruits were known to the Arabian 
physicians and probably came into use in Europe in the 
thirteenth century. 

Macroscopical Characters. — The mericarps are usually separate 
and free from the pedicel. They are sHghtly curved, brown, 
and glabrous, about 4 to 7 mm. long and i to 2*3 mm. wide. 
Each mericarp shows five, almost equal sides, five, narrow 
primary ridges, and, when cut transversely, six vittse. They 
have an aromatic odour and taste. 
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Microscopical Characters.^ — ^The epidermal cells have a very 
thick, striated cuticle. The mesocarp consists of more or less 
collapsed parenchyma and lacks the reticulated cells found in 
fennel. The vittse are very large, attaining as much as 350jLt 
in width. The endosperm is not grooved and contains fixed 
oil, aleurone, and calcium oxalate. 

Constituents. — Caraways contain 3 to 7 per cent, of volatile 
oil, 8 to 20 per cent, of fixed oil, proteins, calcium oxalate. 



B 


Fig. 183. — Caraway fruit. A, whole fruit ; B, the same in longitudinal 
section ; C, transverse section ; D, portion of the same further enlarged. 
I, stylopod ; 2, ridge ; 3, embryo ; 4, endosperm ; 5, pericarp ; 6, vitta; 
7, fibro- vascular bundle ; 8, carpophore. (After Berg.) 

colouring matter, and resin. They yield about 7*5 per cent, 
of ash (official limit, 9 per cent.). 

The volatile oil (Oleum Carui, B.P.) consists of the ketone 
carvone (sp. gr. 0*850) and the terpene limonene (sp. gr. 
0-964) with small quantities of dihydrocarvone, carveol, and 
dihydrocarveol. As there is a demand for pure carvone 
there is a considerable amount of de-carvonised oil available 
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for adtilteration. Tlie ofiScial oil is required to contain 53 to 
63 per cent, of carvone when estimated by the Pharmacopceial 
method. 

XTses. — ^I^arge quantities of caraway fruits are used for 
culinary purposes. The fruits and oil are used in medicine 
for flavouring and as carminatives. 


ANETHI FRUCTUS 


Anethum, B,P, ; Dill Fruit ; F. Fenouil Puant ; G. Dill 


Source. — Dill consists of the dried, ripe fruits of Anethum 
graveolens Linn., a small annual indigenous to South Europe. 
It is cultivated in England, Germany, and Roumania. 

History. — ^DiU. was known to Dioscorides. It was employed 
in England in Anglo-Saxon times. 



Fig. 184- — Dill. A, whole fruit ; B, commissural surface of mericarp ; 
C, transverse sectiou of fruit ; D, a portion of the same enlarged. 
I, stylopod ; 2 ridge; 3, wing; 4, vitta ; 5, fibro vascular bundle; 
6, endosperm, (After Berg.) 
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Macroscopical Characters. — Tlie drug usually consists of 
separate, broadly oval mericarps, about 4 mm. long and 2 to 
3 mm. broad. The fruits are very much compressed dorsally, 
the two ventral ridges being prolonged into membranous 
wings while the dorsal ones are inconspicuous. The fruits 
have an aromatic odour and taste. 

Microscopical Characters. — ^Each mericarp has four vittae 
on the dorsal surface and two on the commissural. The outer 
epidermis has a striated cuticle (distinction from fennel), 
and the mesocarp contains Hgnified, reticulate parenchyma 
(distinction from caraway). The endosperm is much flattened 
but otherwise resembles that of the fruits considered above. 

Allied Drug. — Indian dill, derived from Anethum Sow a, has 
been imported as a substitute for caraway. The drug usually 
consists of whole cremocarps which bear pedicels and are 
narrower and less compressed than the Kuropean. 

Constituents. — ^The chief constituent is the volatile oil 
(Oleum Anethi, B.P.). This resembles oil of caraway in 
containing carvone and limonene. The h^uropean fruits yield 
about 3 to 4 per cent, of volatile oil, which is oflicially required 
to contain from 43 to 63 per cent, of carvone. 

Indian and Japanese dill s {A. Sowa) yield oils which contain 
much less carvone than the European. These oils contain 
dill-apiol and are not ofiicial. 


ANISI FRUCTUS 

Anisum ; Anise Fruit ; F. Anis, Anis Vert ; G. Anissame 

Source. — ^Anise consists of the dried, ripe fruits of Pimpinella 
Anisum, an annual plant indigenous to the Levant but widely 
cultivated both in Europe (Spain, Germany, Italy, Russia, 
Macedonia) and America (Chili, Mexico) . 

History. — Anise is mentioned in the writings of Theo- 
phrastus, Dioscorides, and Pliny. It was cultivated in 
Germany in the ninth century. 

Macroscopical Characters. — The drug consists of greyish- 
brown, pear-shaped, somewhat compressed cremocarps, which 
are usually attached to pedicels 2 to 12 mm. in length. The 
cremocarps are 3 to 6 mm. long and 2 to 3 mm. broad. The 
Spanish (Alicante) and Italian are distinguished by their large 
size and light colour, while the German and Russian are smaller, 
more ovoid, and darker. Each mericarp has five, somewhat 
34 
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wavy ridges and is slightly pubescent on the dorsal surface. 
They have an aromatic odour and a sweet, aromatic taste. 

Microscopical Characters. — ^Microscopical examination shows 
that the epidermis bears numerous papillee and unicellular 
hairs. On the dorsal surface of each mericarp are from fifteen 
to forty-five branched vittae. A small amount of vascular 
tissue and reticulated parenchyma is present. The endosperm 
is slightly concave on the commissural surface and contains 
protein and fixed oil. 

Constituents. — ^Anise fruits yield 2 to 3 per cent, of volatile 
oil (Oleum Anisi, B.P.), which is practically identical with 
that obtained from the star-anise, Illicium verum (see p. 327). 
The Pimpinella oil is said to have a slightly superior flavour, 
but most of the anise oil used is that obtained from the 
star-anise. 

Adulterants. — ^Anise fruits may be contaminated with other 
umbelliferous fruits or with earth. Hemlock has been found 
in Italian samples but is easily detected in the whole drug. 
If in powder, its presence may be detected by the change in 
odour on moistening with solution of potassium hydroxide. 
Coriander and an umbelliferous fruit which closely resembles 
anise, is said to occur in Russian samples. The ash should 
not exceed ii per cent. 


CUMINI FRUCTUS 

Cummin Fruit ; F. Cumin ; O. Kreuzkummel Mutterkilmmel 

Source. — Cummin consists of the dried, ripe fruits of 
Cuminum Cyminum, a small, annual plant indigenous to 
It is widely cultivated and English supplies are 
obtained from Sicily, Malta, Mogadore, and India. 

Characters. — Cummin fruits are about 6 mm. long and 
resemble caraway at first glance. The mericarps are, how- 
ever, straighter than those of caraway and are densely covered 
with short, bristly hairs. Whole cremocarps attached to short 
pedicels occur, as well as isolated mericarps. Each mericarp 
has four dorsal vittae and two commissural ones. The odour 
and taste are coarser than those of caraway. 

Constituents. — Cummin 3rields 2*5 to 4*0 per cent, of volatile 
oil. This contains 25 to 35 per cent, of aldehydes (cuminic 
aldehyde), pinene, and a-terpineoL 
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Uses. — Cummin was one of the commonest spices in the 
Middle Ages. It is now chiefly employed in veterinaiy^ practice. 

SUMBUL RADIX 

Sumbul or Musk Root ; F. Rachie de Sumhul ; G. Moschus- 
Oder Sumhulwurzel 

Source. — Sumbul consists of the dried rootstock and roots 
of one or more species of Ferula, During the present century 
the character of the drug has changed somewhat and it appears 
probable that whereas it was formerly obtained from Ferula 
Sumbul Hooker fil. it is now derived from F, suaveolens Aitch. 
and Hmsl. Both are plants about i to 2 metres high found 
in Turkestan and Afghanistan. 

Characters. — The drug occurs in extremely light, cylindrical 
pieces up to 7 cm. in diameter and 10 cm. in length. The apex 
frequently bears the remains of two or more aerial stems. 
The root is covered with a thin, very tough, greyish or brownish 
cork. It breaks with a short, fibrous fracture and shows a 
spongy, fibrous, and much fissured interior. The scattered 
vascular strands seen in transverse section are comparable 
with those of other Ferula species. The drug has a slightly 
musky odour * and an aromatic, bitter taste. 

Constituents. — ^According to Heyl and Hart f the root 
contains 17 per cent, of resinous matter and i per cent, of 
volatile ofl. The resinous portion contains a phytosterol, 
fatty acids (angelic, valerianic, butyric, etc.), betaine, and 
umbelliferone, both free and combined as a glycoside. 

Uses. — Sumbul is used in the treatment of hysteria and 
dysmenorrhoea. Although last official in the Pharmacopoeia 
of 1898 the tincture is still occasionally prescribed. 

ASAFOETIDA 

Asafoetida, B,P. ; Asafetida ; Devil's Dung ; F. Assa fcetida; 

G. Asanbj Stinkasard 

Source. — Asafetida is officially described as an oleo-gum- 
resin obtained by incision from the living rhizome and root of 

* Those familiax with the pre-wax drug state that it had a more distinct 
musk odour than that at present imported. It has also been suggested 
that there is a difference in the fluorescence in ultra-violet light. This, 
however, may be merely due to the difference in age between the samples 
examined - 

f Amer. jT-P., 1916, 546. 
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Ferula fcetida Regel, F, r^ibricaulis Boiss., and otlier species of 
Fertda.^ F, fcetida is found in Turkestan, F. ass a fcetida in 
the stony, salt wastes of Persia and Western Afghanistan, and 
F. Narthex in Western Tibet. These species attain a height 
of about 3 metres. 

History. — ^It appears doubtful if the substance known to the 
ancients as Laser was the asafetida of modern commerce. 
Asafetida seems to have been introduced from the Bast by 
the Arabian physicians. It was used in Europe during the 
Middle Ages but to a much less extent than galbanum, 
sagapenum, and opopanax.j 



Fig. 185. — A, transverse section of old root of Ferula assa fcetida showing the 
isolated vascular bundles and secretory ducts ; B, longitudinal section 
through a schizogenous secretory duct of a species of Ferula, i, secretory 
ducts, (A after Goris, B after Tschirch.) 

Collection and Preparation. — ^The root structure of F. assa 
fcetida has been studied by Goris and Herail. Schizogenous 

* There still appears to be some doubt as to the exact botanical origin of 
both asafetida and galbanum. Recent Continental text-books adopt the 
view that asafetida is derived from Ferula assa fcetida L., F^ fcetida Regel, and 
F. Narthex Boiss, and that galbanum is derived from F. galbanifiua Boiss. et 
Buhse, F. rubricaulis Boiss., and F. ScMr Boiss. 

In Planchon’s Matiere MSdicale, p. 1051, the statement that F. rubricaulis 
is a source of galbanum and not asafetida is qualified by the following foot- 
note : — “ L’accord n’est pas encore complet sur le produit de cette espece. 
Greenish la considfere comme une source d'asa fcetida, elle donnerait en 
particulier les larmes qui restent blancatres avec le temps et dont la couleur de 
la cassure reste a peu pres blanche.” The view taken by Greenish is supported 
by the investigations of Small, P.J., 1913, [4], 36, 287, who gives a comparative 
account of the structures of the fruits of authentic species of Ferula and 
compares them with the fruits found in the commercial drugs. 

t Sagapenum and opopanax are no longer common. They are described 
in the Pharmacographia. 
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resin canals are very abundant, a double row being present 
in the cortex and others in the vascular strands (see Fig. 185). 

The collection of asafetida has been observed by Kampfer 
(1687) in Taristan (see Fig. 162), and by Bellew (1857) and 
Wood (1872) in Khorasan and Afghanistan. The details of 
collection vary in different locahties. The following informa- 
tion supplied to us by H.M. Consul at Shiraz in a letter dated 
1935 may be compared with the earlier accounts of Kampfer, 
Bellew and Wood given in the Pharmacographiaj^ 

The plant grows in the more remote districts of Bars, and is a cane 
or reed about 7 to 10 feet in height. It is called ‘ anghuzeh,’ as is also 
the product. 

“ Collection takes place in the late spring. The head of the plant 
is cut, when the exudation oozes out and is collected. The process is 
continued for a second and a third time, the plant being cut down 
lower on each occasion. The plants are cut with a saw. The best 
grade is obtained from the first cutting and the product of the third 
cutting comes next in quality, that from the second cutting being of 
poor quality.” 

The drug may be sent overland to India by the Khaiber 
or Bolan Passes or from the Persian Gulf ports. Most of 
the drug now appears to go by the latter route from ports 
such as Bundar Abbas to Bombay and thence to Etirope. 
It usually arrives in tin-lined cases holding from 50 to 200 
kilograms. 

Characters. — ^Asafetida occurs in two principal forms ; — 

(i) Tears. — ^These are roimded or flattened and about 5 to 
30 mm. in diameter. They are greyish-white, dull yellow, or 
reddish-brown in colour, some specimens acquiring the latter 
colour with age while others remain greyish or yellowish. 
The fractured surface either remains yellowish and translucent 
or gradually changes from an opaque milky-white through 
pink and red to reddish-brown. According to Greenish, 
‘‘ probably the red variety is derived from F. fcetida, the white 
from F. ruhricauUsT When the fractured surface is treated 
with sulphuric acid a red or reddish-brown colour is produced, 
which changes to violet when the acid is washed off with 
water, whilst with 50 per cent, nitric acid a green colour is 

* JPharmacographia, p. 317. According to Kampfer, collection starts in 
the middle of April, and its details are shown in a sketch reproduced in 
Tschirch’s Handbuch der Pharmakognosie (1933), B i, A 3, 1727. This 
shows the removal of the stem and of the soil surrounding the root. Com- 
mencing about forty days later, it shows the removal of the exudation and 
fresh slices of root with a broad iron spatula on three dates in May, six in 
June, and three in July. 
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obtained. Asafetida tears are harder than those of galbantim 
but softer than those of ammoniacum. They soften on 

warming. ^ ^ 

(2) Mass. This consists of similar tears to those described 

above agglutinated into masses and usually mixed with 
fruits,* fragments of root, earth, and other impurities. Mass 
asafetida is the commonest commercial form. 

Asafetida is much more readily powdered if it is first 
cooled. It has a strong, alliaceous odour and a bitter, acrid, 
and alliaceous taste. The Pharmacopoeia requires that it 
shall yield not more than 50 per cent, of matter insoluble in 
alcohol (90 per cent.), and not more than 15 per cent, of ash. 

Constituents. — ^Asafetida consists of volatile oil, resin, gum, 
and impurities. The tears and lump both contain about the 
same amount of volatile oil, which has a particularly evil smell 
and contains sulphur compounds of the formulae C7H14S2, 
C16H20S2, CsHieSs, and CioHisSs- Umney and Bunker (1910) 
found that the oil of the tears contains more sulphur than that 
from the mass. Ten samples of the oil examined by Harrison 
and Self (1912) had sulphur contents varying from 17*6 to 
I 37*8 per cent. 

According to analyses of Baumann (1919), asafetida has the 
following approximate composition : — ^Volatile oil and resene, 
50-1 per cent. ; asaresinol ferulate, 16*57 ferulic 

acid, 1*33 per cent. ; ether insoluble resin, i per cent. ; gum 
and impurities, 31 per cent, 

Asaresinol ferulate is an unstable ester of the phenohc 
body asaresinol. The drug contains no free umbelliferone 
(distinction from galbanum). On boihng it, however, with 
hydrochloric acid and filtering into ammonia a blue fluorescence 
is produced owing to the formation of umbelliferone. Ferulic 
acid is closely related to umbeUic acid and umbelliferone (both 
of which occur in galbanum), as may be seen from the following 
formulae : — 

0.CH3 

jcH : CH.COOH 'CH : CH.COOH 


HO; 


O 

ICH : CH.io 


Ferulic acid 
(hydroxymetlioxy- 
cinnamic acid) 


UmbeUic acid 
(dibydroxy cinnamic 
acid) 


U mbellif erone 
(lactone of umbeUic 
acid) 


* For illustrations of fruits, see Tscbircb’s Handbuch der Pharmakognosie , 
III, 2, 1078, and Small, PJ., 19x3* 36, 287. 



UMBELLIFERJE 


5 S 5 


Uses. — ^Asafetida is used in iiysterical conditions, as an 
expectorant in chronic bronchitis, and as a means of removing 
intestinal flatulence. I^arge quantities are used in veterinar3^ 
work. Certain sauces are said to contain small proportions of 
asafetida. 


GALBANUM 

Galbanum ; F. Galhamim ; G. Mutterharz 

Source. — Galbanum is an oleo-gum-resin obtained from 
Ferula galhaniflua Boiss. et Buhse, and other species of 
Ferula,^ which have a similar distribution to those 5delding 
asafetida. The drug reaches Kngland via the Persian Gulf 
ports and Bombay. 

Collection. — ^The method of collecting galbanum probably 
differs according to local conditions. Some, according to Buhse, 
is obtained by natural exudation from the stem, while the 
greater part is obtained by incising the root. In the latter case 
the earth is scraped away from the crown and slices of root are 
removed at intervals as described by Kampfer for asafetida. 

Characters. — Galbanum occurs in brownish tears, which are 
usually smaller than those of asafetida, or in agglutinated 
masses of tears with much vegetable debris. The usual lump 
galbanum, known as Levant,'" contains abundant slices of 
root and few fruits, while the less common “ Persian " variety 
contains fruits and fruit stalks and is usually softer than the 
Levant. The fruits are something like those of dill in shape 
but are lo to 12 mm. long. Galbanum is sufficiently soft for 
the tears to be flattened between the finger and thumb. It has 
a rather pleasant odour and a characteristic, disagreeable taste. 

Free umbelliferone is present as is shown by the fact that 
a tincture gives a strong blue fluorescence when poured into an 
alcoholic solution of ammonia. 

Constituents. — ^Analyses of galbanum show about 9*5 
per cent, of volatile oil, 63*5 per cent, of alcohol-soluble resin, 
and 27 per cent, of gum and impurities. The resin contains 
20 per cent, of combined umbelliferone, 0*25 per cent, of free 
umbelliferone, and about 50 per cent, of galbaresinotannol. 

Uses. — Galbanum is used in plasters and, with asafetida, in 
Pilula Galbani Composita, B.P. 1898. 

See footnote to asafetida, p. 532. 
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AMMONIACUM 

Ammoniacum ; Persian Ammoniacum ; F. Gomme 
Ammoniaque ; G. Ammoniakgummi 

Source. — ^Ammoniacum is an oleo-gum-resin obtained from 
the flowering and fruiting stem of Dorema Ammoniacum Don, 
and probably other species such as D. Aucheri Boiss. It is 
chiefly collected in Central Persia and sent to Ispahan, whence 
it passes via the Persian Gulf ports to Bombay. 

Collection. — ^The secretion collects on the stem in May and 
June either as the result of punctures made by insects, which 
visit the flowering and fruiting plants, or from incisions 
specially made with a view to collecting the drug (Kennett). 
Some of the secretion fails to harden on the stem and is 
collected from the ground. Of the two forms, tear and lump, 
only the former was admitted to the 1914 Pharmacopoeia. 

Characters. — ^Ammoniacum occurs in yellowish, more or 
less rotmded tears about 5 to 25 mm. in diameter. They are 
harder than those of galbanum but soften on warming. The 
freshly fractured surface is waxy and yellowish-white. The 
lump form contains pieces of stem, fruits, and earthy impurities. 

Ammoniacum is characterised by the fact that the emulsion, 
formed when the drug is triturated with water, gives a deep 
orange-red colour on the addition of solution of chlorinated 
soda ; also, by the fact that it contains neither free nor 
combined umbelliferone. 

ConstitueiLts. — ^Ammoniacum normally contains o*o8 to 
0-30 per cent, (occasionally up to 6 per cent.) of volatile oil, 
60 to 70 per cent, of resin, about 20 per cent, of gum and a 
variable amotmt of moisture and impurities. 

According^ to Casparis (1924) and Casparis and Michel 
(1928) the resin contains ammoresinol, a crystalline compound 
melting at 110-5°. This compound has one phenohc hydroxy 
group and two methoxy groups ; it is the cause of the orange- 
red colour with chlorinated soda solution. 

Uses. — ^Ammoniacum has similar properties to asafetida 
and galbanum. 
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Phylum ANGIOSPERM^ ; Subphylum 

DICOTYLEDONS 

Grade C. Sympetalse 

Order ERICALES 

An order consisting of five families, of which the most 
important is the Ericaceae. 

Family ERICACEiE 

The Ericaceae comprises about 1350 species belonging to 
about 99 genera, of which may be mentioned Vacoinium 
(bilberry). Erica (heaths and heathers). Rhododendron, 
Gaultheria and Arctostaphylos. Natural oil of wintergreen was 
formerly obtained from the leaves of Gaultheria frocumbens 
(Ericaceae), but is now distilled from the bark of Betula lenia 
(Betulaceae). 


UV^ URSI FOLIA 

TJva Ursi ; Bearherry Leaves ; F. Feuilles de Busserole ; 

G. Bdrentraubenbldtter 

Source. — ^Bearberry consists of the dried leaves of Arcto- 
staphylos Uva-ursi, a small evergreen shrub found in Central 
and Northern Europe and in North America. 

Characters. — The leaves are dark green to brownish-green, 
2 to 3 cm. long, obovate or spathulate, gradually narrowing 
to a very short petiole. They are coriaceous in texture and, 
excepting the very young ones, almost glabrous. The upper 
surface is shining and marked with sunken veinlets ; the lower 
surface is lighter and marked with a network of dark veinlets. 
Large stomata surrounded by 4 to 7 cells (Fig. 42, C) are 
present on the lower surface only. The drug is odourless but 
has an astringent and somewhat bitter taste. 

537 
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Constituents. — Bearberry contains the glycosides arbutin 
and methylarbutin, about 6 to 7 per cent, of tannin, gallic 
acid, ellagic acid, ursone and the flavone derivative quercetin. 
Arbutin occurs in white needles which are readily soluble in 
water and alcohol. When hydrolysed with acids or emtilsin 
it yields glucose and hydroquinone. Partial hydrolysis takes 
place in the body. 

Uses. — ^Bearberry is diuretic and astringent, and is used in 
diseases such as urethritis and cystitis. During excretion it 
exerts an antiseptic action on the urinary tract. 


Order EBENALES 

An order consisting mainly of tropical, woody plants. It 
includes the families Sapotaceae and Styracese. 

Family SAPOTACE^ 

A family of 40 genera and about 600 species, most of which 
are trees. Fatex sacs are found in the leaves and in the 
cortex, phloem, and pith of the stems. 

GUTTAPERCHA 

Soxirce. — Guttapercha is a purified, coagulated latex 
obtained from trees of the genera Palaquium and Payena, 
The chief of these are Palaquim ohlongi folium, P, horneense, 
P. Treuhii and Payena Leerii, large trees which are found both 
wild and cultivated in Malaya, particularly in Sumatra and 
Borneo. 

Collection and Preparation. — Formerly the trees were felled 
and incisions then cut in the bark, the fragments of coagulated 
latex being afterwards scraped out. The name is derived 
from the Malay gueutta, gum, and pertcha, scraps or rags. The 
more modem method of collection resembles that used for 
rubber. V-shaped or other types of incision are made in the 
bark of the living trees and the latex collected in cups. 
Guttapercha is also prepared from the leaves by means of 
solvents such as toluene. 

Guttapercha differs from mbber in being almost incapable 
of vulcanisation, and in that it becomes plastic when heated 
to about 45° to 60°. The latter property is utilised for its 
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purification. It is sliredded, kneaded under iiot water, and 
forced while plastic through a wire sieve. It is easily made 
into thin sheets. When so prepared it is brown, but a white 
guttapercha may be prepared by decolorising a chloroformic 
solution with charcoal, filtering and precipitating with alcohol. 

Guttapercha is soluble in cold chloroform and carbon 
disulphide and in warm benzene or oil of turpentine. 

Constituents.^ — Guttapercha contains a white, crystalline 
hydrocarbon, gutta, which gradually turns red on 

exposure to air. Other constituents are an unstable substance 
called guttan and complex crystalline substances known as 
albans, albanans, and fluavils. The latter appear to differ 
according to the source of the guttapercha. 

TJses. — Guttapercha is used in the form of a chloroformic 
solution as a means of appl3dng such drugs as chrysarobin to 
the skin, or as guttapercha tissue for covering moist dressings. 
White guttapercha is used for temporarily stopping teeth. 

Family STYRACRffi 

A family of eight genera and about 120 species, of which 
100 belong to the genus Sty rax. 

BENZOINUM 

Befizoinum, B.P. ; Benzoin, Gum Benjamin ; F. Benjoin ; 

G. Benzoeharz 

Source. — Official benzoin is that known in commerce as 
Sumatra benzoin. It is a balsamic resin obtained by making 
incisions in the stem of Styrax Benzoin Dryand, and possibly 
S. sumatranus J. J. Smith. The trees are cultivated through- 
out Sumatra and the drug is exported from Palembang. The 
XJ.S.P. XI also admits benzoin from S. tonkinensis or other 
species known in commerce as Siamese benzoin. 

History. — The drug was noted by Ibn Batuta, who visited 
Sumatra in the fourteenth century, but it does not appear to 
have been regularly imported into Europe until the sixteenth 
century. 

Collection and Preparation.* — (i) Benzoin is a purely patho- 
logical product and there is some evidence to show that its 
formation is brought about not only by the incisions made, 

* The following account is derived from an abstract in the P.J., 1926, [4], 
59, of an article by F. Peinitzer, Archiv. dev Pharmazie, vol. 264, p. 368. 
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but also by fungi. Tbe seeds are sown in rice fields, tbe rice 
shading the young trees during their first year. After the 
harvesting of the rice the trees are allowed to grow until they 
are about seven years old. 
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Tapping. — “ In Palembang the tapping is conducted 
by dividing the surface of the stem of the tree by the eye 
into three equal vertical strips. In each of these strips three 
small, gaping wounds are made, the lowest about 40 cm. 
from the ground and the two others directly above it at 
distances of about 40 cm. Bach wound is made by a single 
blow of a knife, which cuts out a triangular piece of bark 
and a thin layer of wood. The bark between the wounds 
is then scraped smooth. In about a week's time a yellow- 
ish sap begins to exude and collect in and on the wounds, 
assuming under the influence of light and air a brownish 
colour. After about a month, grains resembling the almonds 
of benzoin can be distinguished in it, but the mass is still 
soft and extraordinarily sticky. After a month and a half 
to two months it becomes less sticky and sufficiently hard 
to allow of its being collected. The product of the first 
and often of the second hacking is, however, worthless, 
and is not collected, but carefully removed with the knife. 
This first resin is completely amorphous, whereas the 
milky-white resin that subsequently flows is entirely 
crystalline. The grains that appear in the amorphous 
resin are evidently the beginning of the production of 
crystals which ultimately lead to the production of a 
milky-white resin. After the amorphous resin has been 
removed, a second incision is made about 4 cm. above each 
old incision, and an additional one about 40 cm. above the 
highest of the three old incisions. Bvery three months 
the number of incisions is increased in this way, until they 
make a continuous line, when another row is started a Httle 
to the left or right. In this way the tapping is continued 
until the tree dies. . . 

Collection. — ‘ ' The resin is removed either with the knife 
or with a sharpened bamboo or a piece of tin-plate. The 
outer layers are first removed without touching the bark, 
the knife being moved from below upwards. This gives the 
finest quality, which is pale in colour and free from bits of 
bark. ^In Palembang it is called ‘ menjan putih ' (white) 
or ‘ m&ijan sodokan,' and is usually collected about six 
weeks after the tapping. About a fortnight later the 
remaining layers are taken off down to the bark ; this is 
distinctly darker, as it has had more time to oxidise, con- 
tains fragments of bark, and is less valuable. It is called 
* menjan sesetan ’ or ‘mSnjan itam baik" (black, good). 
After another month, just before the new incisions are 
made, the bark of the tree is scraped, by which more bark 
than resin is removed, and the poorest, very dark quality, 
' mmijan itam djahat,’ obtained. . . 
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Grades, — '' These three chief qualities are sent separately, in little 
barrels made of bark, to Palembang. . . . These varieties are mixed 
together in the export towns, as the best qualities would be too dear 
for use in the interior, and the poorer qualities would not realise 
sufficiently high prices. The blocks of resin are hacked into pieces. 
The better qualities are mixed and stamped into tins lined with thin 
linen. These are then placed in the sun, by which the resin is softened 
and unites to form a soHd mass. The linen is then folded over on the 
top. In this way benzoin with almonds is produced. The lowest 
qualities caimot be so treated, as they contain so much bark that the 
resin will not unite into a mass ; they are finely hacked and thrown 
into water, when impurities float on the surface and can be skimmed ofi. 
For mixing with other qualities it is softened in bo ilin g water ; a small 
quantity of each of the varieties to be mixed is then softened in hot 
water, the whole mixed with constant stirring, thrown into a tin-lined 
case and stamped in. 

“ In this way three varieties of almond benzoin are produced. 
The best contains abundance of white almonds but with little matrix ; 
in the second and major part is brown matrix with fewer almonds, 
while in the third quhlity the almonds are sparsely distributed in a 
brown, friable matrix, with abundant fragments of bark." 

Characters. — Stimatra benzoin occurs in brittle masses 
consisting of opaque, whitish or reddish tears embedded in a 
translucent, reddish-brown or greyish-brown, resinous matrix. 
Odour, agreeable and balsamic, but not very marked ; taste, 
slightly acrid. 

When gradually heated benzoin evolves white fumes of 
cinnamic and benzoic acids, which readily condense on a cool 
surface as a crystalline subhmate. On warming a little 
powdered benzoin with solution of potassium permanganate a 
faint odour of benzaldehyde is noted, showing the presence of 
an appreciable amoimt of cinnamic acid (distinction from 
Siamese benzoin). Alcohol (go per cent.) dissolves about 
85 per cent, of the drug. 

Constituents. — ^Benzoin consists of resin, free cinnamic acid 
(about II per cent.), free benzoic acid (about g per cent.), 
styrene (phenylethylene) , phenylpropyl cinnamate, cinnamyl 
cinnamate, vanillin, and benzaldehyde. 

The resin consists of cinnamic and benzoic acids combined 
with ^-sumaresinoHc acid, <i^-siaresinolic acid (benzoresinol or 
siaresinol, CieH2602), and a resinotannol, C18II20O4. The 
drug contains about 26 to 35 per cent, of total balsamic acids, 
but the proportion of the various constituents varies con- 
siderably in the different commercial grades. 

Allied Drugs . — Siamese benzoin is probably obtained from 
Sty rax tonkinense Craib, a tree grown in Siam (Taos), North 
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Annam, and Tonkin. This drug is official in many pharma- 
copoeias, e.g. the U.S.P. XI, and fetches a higher price than the 
Sumatra variety. It occurs in tears or in blocks. The tears 
are of variable size and flattened ; they are yellowish-brown 
or reddish-brown externally, but milky-white and opaque 
internally- The block form consists of small tears embedded 
in a somewhat glassy, reddish-brown, resinous matrix. 

Siamese benzoin contains crystalline coniferyl benzoate 
(about 68 per cent.), amorphous coniferyl benzoate (about 
10 per cent.), free benzoic acid (about I2 per cent.), free 
^^-siaresinoHc acid (about 6 per cent.), vanillin (0-3 to 2*3 per 
cent.), cinnamyl benzoate and siaresinotannol. 

According to Cocking and Kettle (1914) the amount of 
balsamic acids present is about 39 per cent. The drug gives 
no odour of benzaldehyde when warmed with solution of 
potassium permanganate. 

Palembang benzoin is an inferior variety of benzoin produced 
in Sumatra. According to the abstract of Reinitzer's article 
previously referred to, A fourth quality is occasionally 
collected from isolated trees from which the resin has not been 
stripped for some time. This resin is hard and dry and 
covered with a dirty, black layer ; it is knocked off the tree, 
softened and washed in river water, and then softened in hot 
water.’* Possibly this is the commercial Palembang benzoin. 
It is easily distinguished from the official drug, being very 
light in weight and breaking with an irregular porous fracture. 
It consists almost entirely of reddish-brown resin, only a few 
very small tears being embedded in it. Palembang benzoin is 
used as a source of natural benzoic acid. 

Uses. — ^Benzoin, when taken internally, acts as an expec- 
torant and antiseptic. It is mainly used as an ingredient of 
Friar’s Balsam, or as a cosmetic lotion prepared from a simple 
tincture. 

The remaining sympetalous orders are known as the 
Tetracydicse since the flowers have four whorls, a single whorl 
of stamens alternating with the petals. The orders are 
grouped, according to whether the ovary is superior or inferior, 
into : — 

(a) Superaa. — Orders Oleales, Contortse, Convolvulales, Tubi- 
florse, and Plantaginales ; and 

( 5 ) InferaB. — Orders Rubiales and Campanulales. 
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Order OLEALES 

A small order including the Oleacese and Salvadoraceas. 

Family OLEACE^ 

A family of 22 genera and about 400 species of woody 
plants. Of these the ash and privet are indigenous to Britain, 
and the lilac, Jasmimtni, and Forsythia are commonly 
cultivated. 


OLEUM OLIV2E 

Oleum OlivcB, B.P, ; Olive Oil^ Salad Oil, Sweet Oil ; 

F. Huile d' Olive ; G. Olivenol 

Source. — Olive oil is a fixed oil which is expressed from the 
ripe fruits of Olea europcea. The olive is an evergreen tree, which 
lives to a great age but seldom exceeds 12 metres in height. 
It produces drupaceous fruits about 2 to 3 cm. in length. 
The var. latifolia bears larger fruits, than the var. longijolia, 
but the latter is said to yield the best oil. The oil is expressed 
in all the Mediterranean countries and in California. 

History. — ^The olive appears to be a native of Palestine. It 
was known in Kgypt in the seventeenth century b.c., and was 
introduced into Spain at an early period. 

Collection and Preparation. — The methods used for the pre- 
paration of the oil naturally vary somewhat according to local 
conditions. In the modem factories hydratilic presses are 
widely used, but in the more remote districts the procedure is 
essentially that which has been followed for hundreds of 
years. A small, peasant-owned, Italian plant visited by the 
author was situated in a valley surrounded by olive terraces 
and a small stream turning a paddle-wheel provided the 
power for working the stone edge-mnner mill which ground 
the fruits. The oHves are gathered from about November to 
April, according to the district. After grinding, the pulp is 
introduced into coarse, grass baskets known as ‘‘fiskoloes ” * 
(Fig. 187), and a number of these are placed in a screw press. 
In the one we examined, the final pressure was applied by 
attaching a rope to the end of the lever actuating the screw 
and winding this on a capstan. The oil which escapes is run 

This word affords some indication of the antiquity of the process since 
fiscus, -i, is used by Columella, a writer on husbandry of about a.d. 50, to 
denote a basket us^ in the prising of olives. 
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into tubs containing water and the upper layer skimmed off. 
The product is known as virgin oil. The marc is then treated 
with water and again expressed, when it yields a further 
quantity of oil. In the large factories the marc may be 
extracted with solvents, but the peasants usually allow it to 
dry and use it for fuel. 

Characters. — Ohve oil is a pale yellow liquid, which some- 
times has a greenish tint. The amount of colouring matter 
present, whether chlorophyll or carotene, appears to determine 



Fig. 187. — Grass basket or " Fiskolo ” used in the expression of olive 
oil (Sutcliffe). 


the natural fluorescence of the oil in ultra-violet light. To 
what extent the fluorescence may be modified by adulterants, 
heat refining, solvent extraction, etc., is a subject which has 
been much discussed in recent years.* 

The oil has a slight odour and a bland taste. It should 
comply with the ofiicial tests for absence of cotton-seed oil, 
sesame oil, and arachis oil. If the fruits used have been 
allowed to ferment the acid value of the oil will be higher 
than is oflBlcially permitted. 

* For a summary and reference to literature, see Radley and Grant, 
Fluoresc&nce Analysis in Ultra-Violet Light, 
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Constituents. — Olive oil consists ciiiefiy of olein. It also 
contains linolein, palnutin, and arachin, the latter frequently 
separating in cold weather. 

Uses. — Olive oil is used in the preparation of soaps, plasters, 
etc., and is widely employed as a salad oil. 


MANNA 

Flake Manna, Ash Manna ; F. Mamie ; G. Manna 

Source. — ^The name manna is applied to a number of 
different, saccharine exudations. The only manna of com- 
mercial importance, however, is ash manna, the product of 
Fraxinus Ornus. The manna ash is a small tree of common 
occurrence in the Mediterranean, but the drug is almost 
entirely collected in Sicily. 

Collection. — -When the trees are about ten years old, trans- 
verse incisions are made in the stem with a knife which is 
curved to about the same extent as the bark through which 
it cuts.* The first incision is made in July or August near the 
base of the trunk, and further incisions are then made daily 
above this at intervals of about 4 or 5 cm. One side of the 
tree is incised each year. The sugary exudation either dries 
on the stem and is picked off (flake manna), or is caught on 
leaves or tiles. The manna is further dried and sorted before 
entering commerce in tins. 

Characters. — Manna occurs in yellowish- white, somewhat 
triangular pieces up to 15 cm. long and 2-5 cm. wdde, or in 
more or less agglutinated masses of broken flakes. It is sticky, 
but breaks with a brittle, crystalline fracture. The solid or 
an aqueous solution shows a blue fluorescence in ultra-violet 
Hght. The drug has a pleasant odour and a sweet taste. 

Constituents. — According to Tanret, manna contains about 
55 per cent, of the hexahydric alcohol, mannitol ox mannite, 
CqHs{OH)q, xo per cent, of water, 2*2 per cent, of glucose, 
2*5 per cent, of fructose, 6 per cent, of mannotriose, X2 per 
cent, of mannotetrose, o 05 per cent, of resin and the fluorescent 
glycoside, fraxin, 

* See TscMrcli's Handbuch der JPharmakognosie, for a photograph, showing 
the making of the incisions. 
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The sugars mannotriose and mannotetrose can be hydro- 
lysed according to the equations : — 

CisHs^O^ 2H0O CfiHiaOe + sCsHisOe 

Mannotriose Glucose Galactose 

C24H42O2I "{ ~ ^6^12^6 ^6^12^6 2C0li42OQ 

Mannotetrose Glucose Fructose Galactose 

Uses. — Manna is used as a laxative for children. 


Order CONTORT-^ 

An order consisting of the families Toganiaceae, Gentian- 
aceae, Apocynacese, and Asdepiadaceae. In these families the 
corolla segments show twisted aestivation and internal phloem 
is of general occurrence, hatex tubes are absent in the 
Loganiaceae and Gentianaceae, but are present in the other 
two families. 


Family LOGANIACE^ 

A family consisting of 33 genera and about 600 species. 
The members are herbs, shrubs, Hanes and trees. About 150 
species belong to the genus Strychnos. In addition to the 
drugs described below, curare must be mentioned. 

Curare is the name appHed to extracts made from the 
barks of various species of Strychnos. These extracts are 
prepared by South American tribes as arrow-poisons. Para 
curare, the variety now seen in commerce, occurs in bamboos. 
It contains the alkaloids curine and tubocurarine. 


NUCIS VOMICAE SEMEN 

Nux Vomica, B.P., Strychni Semen, I. A. : Nux Vomica ; 

F. Nux Vomique ; G. Krahenaugen, Brechnuss 

Source. — ^Nux vomica consists of the dried, ripe seeds of 
Strychnos Nux-vomica, a tree 10 to 13 metres high found from 
India to North Australia. It is also cultivated in Africa 
(Cameroons). The drug is mainly collected in the Madras 
Presidency and exported from Bombay, Madras, Cochin, 
Cocanada, and Calcutta. 




548 


PHARMACOGNOSY 


Collection and Preparation. — Tlie fruit is a berry about the 
size of a small orange. When ripe it has a rather hard orange- 
yellow epicarp and a white, pulpy interior in which from one 
to five seeds are embedded. The seeds are washed free from 
pulp and dried. They are exported in small sacks, known as 
“ pockets,'' holding from 40 to 56 lb. 

History. — hTux vomica was known in Europe in the six- 
teenth century and was sold in England in the time of 
Parkinson (1640), mainly for poisoning animals. Strychnine 
was discovered in 1817 and brucine in 1819. 

Macroscopical Characters. — Nux vomica seeds are extremely 
hard and should be boiled in water for at least an hour in 
order to soften them sufi&ciently for dissection. The seeds are 
greenish-grey or grey in colour, disc-shaped, 10 to 30 mm. in 
diameter, and 4 to 6 mm. in thickness. Most of the seeds are 
nearly fiat and regular in shape, but a few are irregularly bent 
and somewhat oval in outline. The edge is rounded or acute. 
The testa is covered with silky, closely appressed, radiating 
hairs. In the centre of one of the flattened sides is a distinct 
hilmn and a small prominence on the circumference marks 
the position of the micropyle, which is joined to the hilum by 
a raised ridge. A boiled seed should be cut transversely and 
another one opened like an oyster by inserting the blade of 
a small knife or scalpel at a point on the circumference opposite 
the micropyle (see Fig. 188, C and D). The small embryo 
with two cordate cotyledons and a cylindrical radicle, the latter 
directed towards the micropyle, will be seen embedded in a 
grey, homy endosperm. In the centre of the seed is a slit- 
Hke cavity. The seeds are odourless when dry, but if soaked 
in water and left for a day or two they develop a very 
unpleasant odour. They have a very bitter taste. 

Microscopical Characters. — A radial section (Fig. 188, E) 
shows a very thin testa consisting of collapsed parenchyma 
and an epidermal layer of very characteristic hgnified hairs. 
The latter have a very large, thick-walled base with slit-like 
pits. Surface irregularities in the bases of the hairs cause 
them to interlock with one another. The upper portions of 
the hairs are all bent in the same direction, and give the testa 
its characteristic silky appearance. The upper part of the 
wall of the hair has rod-Hke thickenings which readily separate 
from one another on powdering. The lumen is circular in the 
part, but in the base has branches corresponding with 
the oblique pits in the wall. Fragments of testa, removed 
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from a soaked seed, may be disintegrated by treatment with 
50 per cent, nitric acid and a little potassium cMorate ; the 
hairs then separate from one another on vigorous shaking. 

The endosperm consists of large, thick-walled cells, which 
swell if the seeds have been boiled or treated with solution of 
potassium hydroxide. The walls are non-lignified and are of 
carbohydrate nature since they yield galactose and mannose 
on hydrolysis. When mounted in solution of iodine they 
show well-marked protoplasmic threads (plasmodesma) passing 
through the walls and an oily plasma containing a few aleurone 
grains and the alkaloids strychnine and brucine. Strychnine 
is most abundant in the inner part of the endosperm and 
brucine in the outer layers. The presence of strychnine is 
shown by mounting a section in a solution of ammonium 
vanadate in sulphuric acid, when a violet colour is produced ; 
and brucine by mounting in nitric acid, when a crimson colour 
is observed. For powder, see p. 10 1. 

Constituents, — ^Nux vomica usually contains about 2 to 
3*5 per cent, of the alkaloids, strychnine and brucine. Strych- 
nine is much more physiologically active than brucine, and 
the seeds are therefore assayed for strychnine and not for 
total alkaloids. The3^ usually contain about 1-23 per cent of 
strychnine (official minimum 1*2 per cent.) and about 1*55 per 
cent, of brucine. The seeds also contain chlorogenic acid 
(cafEeotannic acid), a glycoside (loganin), and about 3 per 
cent, of fixed oil. . 

ITses. — ^The action of the whole drug closely resembles that 
of strychnine. The alkaloid is used as a circulatory stimulant in 
surgical shock, etc., and is valuable in certain cases of poisoning. 
Xrike other bitters strychnine improves the appetite and diges- 
tion, but it has been considerably misused as a ''general tonic.'" 

Allied Drugs , — Ignatius beans are the seeds of Strychnos 
Ignatii, a plant indigenous to the Philippines, but now grown 
in Cochin China. The fruits are larger than those of nux 
vomica, and may contain as many as thirty seeds. These are 
about 25 mm. long, dark grey in colour, and irregularly ovoid 
in shape. The structure closely resembles that of nux vomica, 
but the testa, which bears irregularly arranged greyish hairs, is 
easily rubbed off, and is almost entirely absent in the com- 
mercial drug. The seeds contain about 2-5 to 3*0 per cent, 
of total alkaloids, of which about 46 to 62 per cent, is strych- 
nine. They are mainly used for the preparation of strychnine 
and brucine. 
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The seeds of 5. Tieute, a Javanese species, contain about 
I ‘4 per cent, of strychnine and a little brucine. 5. ligustrina 
(bark and wood), S. Rheedii (seeds), and 5. aculeata (seeds) 
contain brucine but no strychnine. 

5. potatorum, from India, and 5. Nux-blanda, from Burma, 
although containing no alkaloids, have been substituted for 
nux vomica. They are best distinguished by means of the 
ammonium vanadate reagent. The seeds of S. potatorum are 
used in India for clearing water, whence the specific name. 

GELSEMII RADIX 

Gclsemium ; Gelsemium or Yellow Jasmine Root ; F. Jasmin 
Sauvage ; O. Gelsemie, Gift jasmin 

Source. — Gelsemium consists of the dried rhizomes and roots 
of the American . yellow jasmine, Gelsemium nitidum. It is 
collected in the autumn in the southern United States. 



Fig. 189. — Gelsemium nitidum. Transverse section of root (Sutcliffe). 

Characters, — The drug occurs in cylindrical pieces from 3 to 
20 cm. in length and from 3 bo 30 mm. in diameter. The 
outer cork cells of the rhizome are reddish-brown and the 
inner ones yellowish. As growth takes place the outer cork 
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cells crack and the inner cork shows itself as a yellowish- 
brown retictilation. The roots are somewhat smaller than the 
rhizome and have a uniform yellowish-brown cork. Gelsemium 
breaks with an irregular splintery fracture. It has a slightly 
aromatic odour and a bitter taste. 

A transverse section of the rhizome shows a thick cork, a 
cortex containing groups of sclerenchyma, a dense wood, 
internal as well as external phloem, and a small pith. The 
roots, on the other hand, have no sclerenchyma in the cortex 
and no pith (Fig. 189). 

Constituents, — Gelsemium contains three crystalline alka- 
loids, gelsemine, gelsemicine, and sempervirine, and one 
amorphous one. The fluorescent compound scopoletin, resin, 
and fixed oil are also present. A powdered alcoholic extract 
of the drug is known as “ gelsemin."' 

TJses. — Gelsemium appears to give good results in the 
treatment of neuralgia. 

Family GENTIANACEiE 

The Gentianaceae comprises 70 genera and about 800 
species, most of which are annual or perennial herbs. In the 
larger of the two subfamilies, the Gentianoidese, the leaves 
are opposite and decussate, the corolla lobes are contorted in 
the bud, and the axis shows bicohateral vascular bundles 
and interxylary phloem. The second subfamily, the Meny- 
anthoidese, consists of five genera of aquatic or semi-aquatic 
plants. It is represented in Britain by the buckbean, Meny- 
anthes trifoliata. Bitter principles are commonly found in the 
members of the Gentianaceae, e,g. in the oflEcial gentian root, 
in the herb Indian gentian (Swertia Chirata), and in the 
buckbean. 


GENTIANS RADIX 

Gentiana, B.P, ; Gentian Root, Yellow Gentian Root ; F. Racine 
de Gentiane ; G. Enzianwurzel, Bitterwurzel 

Source. — Gentian consists of the dried rhizomes and roots 
of the yellow gentian, Gentiana lutea, a perennial herb about 
I metre high found in the mountainous districts of Central 
and Southern Europe and Asia Minor. Important districts 
for its collection are the Pyrenees, the Jura and Vosges 
Mountains,^the Black Forest, Bosnia, and the Carpathians. 
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Collection and Preparation. — ^Wlien th.e plants are from two 
to five years old the turf is carefully stripped around each, and 
tke rhizomes and roots dug up. This usually takes place from 
May to October, collection in the autumn being more difiicult 
on account of the hardness of the soil although possibly 
preferable from the medicinal point of view. There is Httle 
demand for “ white ” or unfermented gentian, which is pre- 
pared by drying the drug immediately after removal from the 
ground, most of the commercial drug consisting of “ red " or 



Fig. 190. — Gentian rootstock and roots ; B, transverse section of root- 
stock ; C, transverse section of root, i, cork ; 2, bark ; 3, cambium ; 
4, wood ; 5, pith. (All after Gilg.) 

fermented gentian. The method of preparing this varies 
somewhat in different districts. Usually the drug is made 
into heaps, which are allowed to lie on the hillside for some 
time and may even be covered with earth. After washing 
and cutting into suitable lengths the drug is dried, first in the 
open air and then in sheds. Prepared in this way the drug 
becomes much darker in colour, loses some of its bitterness, 
and acquires a very distinctive odour. The unfermented root 
is now almost unknown in Britain. 
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History. — Gentian, possibly not derived from the species 
now official, was known to Dioscorides and Pliny. The drug 
was commonly employed during the IVIiddle Ages. 

Macroscopical Characters. — The plant has a cylindrical 
rhizome which may attain a diameter of 4 cm. and give off 
roots more than a metre in length. The crown bears from one 
to four aerial stems. The fresh root is whitish and fleshy 
internally, and practically odourless. 

The commercial drug consists of simple or branched, 
cylindrical pieces up to 10 or 20 cm. in length and i to 3 cm. 
in diameter. The outer surface is covered with a yellowish- 
brown cork. The rhizomes are usually of larger diameter than 



Fig. 191, — Gentian root. A, transverse section ; B, longitudinal section. 
I, parencliyma of bark ; 2, phloem ; 3, cambium ; 4, vessel ; 5, wood 
parenchyma containing calcium oxalate. (A after Gilg, B after Vogl.) 


the roots and frequently bear one or more apical buds and 
encircling leaf scars. On dr3dng, the rhizomes wrinkle trans- 
versely, whereas the roots wrinkle longitudinally. The drug 
is brittle when perfectly dry, but readily absorbs moisture 
from the air and becomes very tough. It has a pleasant, 
characteristic odour and a sweet taste, which later becomes 
bitter. 
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Microscopical Characters. — transverse section shows an 
orange-brown bark separated by a darker cambium line from 
the porous, very indistinctly radiate wood. Only the rhizomes 
show a pith. 

More detailed examination shows about four to six rows of 
thin-walled cork cells between which and the cambium is a 
somewhat thick-walled phelloderm and a wide zone of brown, 
thin- walled parenchyma containing oil globules and minute 
needles of calcium oxalate. Small groups of soft bast are 
seen in the phloem ring, but bast fibres are absent. 

Kxamination of the wood and pith shows abundant 
parenchyma having similar cell-contents to that of the bark. 
The vessels have reticulate or scalariform thickening. Islands 
of soft bast occur in the wood. The drug contains very little 
starch and no sclerenchymatous cells or fibres. For powder, 
see p. no. 

Constituents. — Gentian contains bitter glycosides (and their 
products of hydrolysis), sugars, a yellow crystalline acid 
(gentisic or gentianic acid), oily matter, pectin, calcium 
oxalate, and a little starch. 

According to Tanret (1905), the fresh drug contains the 
crystalline glycosides, gentiopicrin and gentiin, and the amor- 
phous glycoside, gentiamaiin. During the slow drying process 
(and according to Brindel (1920) also on the storage of un- 
fermented root), the gentiopicrin disappears. The hexatriose, 
gentianose, and the sucrose originally present are also more or 
less completely hydrolysed during the fermentation. The 
products of the complete hydrolysis of these glycosides and 
sugars are indicated below : — 


Gentiopiciin 


Gentiogenin + Glucose 

Gentiin 


Gentienin Glucose + Xylose 

Gentiamarin 


An amorphous substance + Glucose 

Gentianose 


Gentiobiose -f Fructose 



Y 

2 Glucose 

Sucrose 


Glucose 4- Fructose 


If fermentation is allowed to proceed too far, the hexose 
sugars are converted into alcohol and carbon dioxide. When 
carefully prepared gentian yields about 40 per cent, of water- 
soluble extractive (official minimum 33 per cent.), but highly 
fermented root yields much less. 

Alhed Drugs. — The roots of other species of Genii ana, e,g. 
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G. purpurea, G. pannonica, and G, punctata, have been imported. 
They appear to have similar medicinal properties to the official 
drug but are usually of smaller size. 

Adulterants. — Adulteration, probably owing to careless 
collection, sometimes occurs. The rhizomes of Rumex alpinus, 
which give the test for anthraquinone derivatives, have been 
reported ; also a dangerous but easily detected admixture 
with the rhizomes of Veratrum album, 

XJses.^ — Gentian is used as a bitter tonic. 


Family APOCYNACE.® 

The Apocynaceae comprises 155 genera and about 1,000 
species, most of which are woody climbers found, in the tropics 
and sub-tropics. The only British species are Vinca major 
(Larger Periwinkle) and V. minor (Lesser Periwinkle). The 
tropical species. Vinca rosea, which is often cultivated in this 
country, contains alkaloids.* . Alkaloids are also found in the 
barks of Alsfonia scholaris and A. constricta, which were 
formerly official. 


STROPHANTHI SEMINA 

Strophanthus, B.P. ; Strophanthus Seeds ; F. Strophanthus ; 

G. Strophanthussamen 

Source. — The official drug consists of the dried ripe seeds of 
Strophanthus komhe, freed from the awns. S. kombe is one of 
about thirty species of Strophanthus found in Africa, where it 
occurs in the neighbourhood of the East African lakes (Nyanza, 
Tanganyika, and Nyassa) and the Shire River. The seeds are 
exported from Zomba in Nyassaland and the ports of Portu- 
guese East Africa (Quilimane, Inhambane, and Chinde) . 

History. — Seeds derived from species of Strophanthus have 
long been used by the natives of East and West Africa for the 
preparation of arrow-poisons. One of these, known to the 
natives of the Shire River as kombi, was noted by Livingstone 
in 1861. Specimens of both the extract and the seeds were 
sent to England and in 1885 Fraser isolated strophanthin and 
recommended the use of the seeds in medicine. 

Cowley ajid Bennett, Australasian J. Pharm., 1928, 9 , 61. 
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Collection and Preparation. — The plant is a liane which occurs 
both wild and cultivated. Bach dower gives rise to two 
divergent folHcles which, when ripe, are 20 to 35 cm. long and 
2 to 2*5 cm. broad. If the fruits are exported, which is rarely 
the case, the epicarp and mesocarp are first scraped off leaving 
a leathery endocarp surrounding the seeds. Bach follicle 
contains a large number of seeds which are furnished with 
feathery awns (Fig. 192, D). The latter is almost invariably 
removed from the seed before exportation. 



Fig. 192, — Strophanihus komhi. A, seed in longitudinal section ; B, the 
same in transverse section ; C, isolated embryo ; X), seed with, feathery 
awn ; E, surface view of seed ; F, radial longitudinal ; and G, transverse 
section of the seed coat and endosperm, i, testa ; 2, endosperm ; 

3, cotyledon ; 4, radicle ; 5, awn ; 6, raphe ; 7, lignified walls of 

epidermal cells and hairs. (After Tschirch-Oesterle, Atlas.) 

Macroscopical Characters. — ^The seeds of Stfophanthus komht 
are lanceolate or Hnear-lanceolate in shape, somewhat flattened, 
12 to 18 mm. long, 3 to 5 mm. broad, and 0*5 to 2 mm. thick. 
The testa is densely covered with greyish-green or fawn silky 
hairs, which are directed towards the acuminate apex. On 
the ventral surface a small ridge, the raphe, runs from a point 
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near tlie centre of tlie seed to its apex, where the point of 
attachment of the awn may be seen. 

With care the embryo may be removed from the seed. It 
consists of two large, plano-convex cotyledons and a small 
radicle (Fig. 192, C). Transverse and longitudinal sections of 
the seed show that the embryo is surrounded by a narrow 
endosperm. If one of these sections be mounted in cold 
80 per cent, sulphuric acid and examined under the low power 
of a microscope, characteristic colour changes will be observed 
in the endosperm and cotyledons. These colour changes, 
which are of great diagnostic importance, are described by 
Mathiesen as follows ; * Yellow, yellow-green, emerald-green, 
Russian green ; in the embryo a more violet tint ; dull blue- 
green, violet.’" The seeds have a shght odour and a very 
bitter taste. 

Microscopical Characters, — ^If the seed coat be removed and 
mounted with the outer surface uppermost (Fig. 192, H), the 
regularly arranged hairs with thickened bases may be noted. 
If the inner epidermis of the testa be mounted uppermost 
scattered cluster crystals and occasional single crystals of 
calcium oxalate will be seen. 

From the arrangement of the hairs it will be apparent that 
longitudinal sections will differ in appearance from transverse 
ones. These sections are shown in Fig. 192, F and G. The 
lignified hairs recall those of nux vomica. Bach has a band- 
shaped thickening at its base. The cells of the endosperm and 
embryo are rich in oil and protein and give the sulphuric acid 
colour reactions characteristic of ^-strophanthin. For powder, 
see p. 105. 

Allied Drugs. — ^While the British Pharmacopceia admits 
only the seeds of Strophanthus kombe, those of two other species, 
namely, 5 . hispidus and 5 . graius, are official in a number of 
foreign pharmacopoeias. The seeds of F. Courmonti have been 
studied with a view to their possible inclusion in the British 
Pharmacopoeia, f The seeds of these and other species may be 
distinguished by the following characters : — 

* Mathiesen, Pkarm. Act. Hclv., 1927, 2,228, and 1928, 3 , 21, 34 ; quota- 
tion as abstracted in Y. B. Pharm., 1928, 260, 262. 

t A Report on Work Done for the B.P. Commission on the Seeds of 
S. Bmini, Y.B. Pharm., 1935, 61—74, states : " The results now accumulated 
indicate that the seeds of this species of strophanthus are similar in their 
pharmacological action to those of S. komhi, that the tincture made from them 
presents no difficulties in biological assay, and that the mixture of glycosidal 
principles obtained from them is similar in chemical composition and in 
therapeutic effects to the strophanthin obtained from the seeds of S. kombiP 
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Species. 


S. kombe 


S. CourmonH 


Macroscopical Characters. 

Trichomes. 

Crystals, ’• 

Colour Reaction 
with 75 per cent, 
vjv Sulphuric 
Acid.f 

Greyxsh-greeu to greenish- 
fawn ; lanceolate to linear- 
lanceolate ; flatter and with 
more marked raphe than 
Conrmonti. 

Abundant. 

A few clusters 
and often also 
small single cry- 
stals in testa. 

Dark green. 

Greyish - green to brown ; 
broadly lanceolate ; raphe 
less marked than in kombe. 

Abundant. 

Abundant single 
and twin cry- 
stals and occa- 
sional cluster 

and conglome- 
rate ones in seed 
coat. 

Brown ; green 
at edges in lo 
minutes. 


S. Nicholsoni Whitish-brown ; broadly lance - 1 Very thick Absent, 
olate. woolly 

covering. 


S. grains 


S. Emini 


Brown ; compressed and some- Small papil- Absent, 
what twisted ; margin sharp- lae ; appear 
angled and almost winged. glabrous. 

Brownish-yellow ; lanceolate ; Abundant, Absent, 
raphe less marked than kombe. golden- 
yellow. 


Brown ; violet 
in lo minutes. 


Pale orange- 
pink. 


Brown ; violet 
in 5 minutes. 


S. sarmentosus Reddish-brown to greenish ; Abundant, Abundan. single Pale pink in 5 
apex shows a well-marked fragile and and twin cry- minutes, 

twist. often rub- stals and some 

bed off. clusters and con- 

glomerates in 
seed coat ; clus- 
ters in cotyledons. 


S. kispidus 


Brownish ; almost spindle- Abundant, Few clusters in Brownish-red. 
shaped. silky and seed coat. 

often rub- 
bed off. 


Constituents. — Strophanthus contains about 8 to lo per 
cent, of a mixture of glycosides known as stropbantliin or 
^-strophantliin. THe drug also contains about 30 per cent, 
of fixed oil, the alkaloids trigonelline and choline, resin and 
mucilage. 

Strophanthin is soluble in water and in dilute alcohol, but 
sparingly soluble in most organic solvents. The seeds may, 
therefore, be defatted with a solvent such as light petroleum 
without extracting the glycosides. The latter are then 
extracted by means of alcohol, freed from inert material, and 
finally obtained in crystals by the concentration, in vacuo, of 
a solution of them in dilute alcohol. 

* Details of macroscopical characters, trichomes and crystals from paper 
by Matbiesen abstracted in Y.B. Pharm., 1928, 260, 262, which may be con- 
sulted for further details. 

t See Smelt, Y.B. Pharm., 1933, 467—474. According to Smelt the test 
is best done on tinctures evaporated to dr3mess, and 75 per cent v/v acid 
gives more distinct colours than 65 per cent. 
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StrophantHn is standardised by biological assay. As a 
standard ouabain or ^-stropbantbin, tbe crystalline glycoside 
of S. gratus, is used. Tbis is a single compound of tbe formula 
C29H44O12 and not a mixture of glycosides as is ^-stropbantbin. 

^-Stropbantbin is a mixture of tbe glycosides * amorphous 
^-stropbantbin, ^-stropbantbin-^ and cymarin. Tbe latter 
glycoside also occurs in tbe root of Apocymmi cannahinum 
(Canadian bemp). These glycosides can be hydrolysed as 
follows : — 

Amorphous ^-strophanthin ^ Strophanthidin -pGlucose-f-Cymarose 

^-strophanth in - g y Cymarin -}- Glucose 

Cymarin Strophanthidin Cymarose 


Tbe complete reaction for ^-strophanthin-j8 may be 
written : — 


^23^31^5-^-^7®^12C2-0.CeHn05 

^-Strophanthin- yS 


Strophanthidin. 

(cymarigenin) 


C6K12O6 

Glucose 


^71^14^4 

Cymarose 


Uses. — Stropbantbus resembles digitalis in its action and 
in certain cases is preferable. Strophantbin is of&cial in tbe 
British Pharmacopoeia and tbe U.S.P. XI. 


Order CONVOLVULALES 

Tbe Convolvulales is closely allied to tbe next order, tbe 
Tubifioras, but is distinguished from it by tbe presence of 
latex and tbe placentation of the ovules. 

Family COmTOLVULACEiE 

Tbe Convolvulacese comprises 47 genera and about 1,100 
species, of which about 400 belong to tbe genus Ipomcea and 
200 to Convolvtdus. The family includes annual and perennial 
herbs, many having twining stems, and some shrubs. Among 
the anatomical features may be mentioned tbe presence of 
latex cells, bicollateral vascular bxmdles and the frequent 
occurrence of abnormal vascular structures such as are 
described below under jalap. 

* For further details, see Stoll, The Cardiac Glycosides, 1937. 
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JALAFM TUBER 

Jalapa, B.P,, JalapcB Radix ; Jalap ; F. Racine de Jalap ; 

G- J alapenknollen 

Source. — Jalap consists of tlie dried tubercles or tuberous 
roots of Ipomcea purga Ha37ue (Exogonium purga Benth.), a 
large, twining plant indigenous to Mexico. Tbe plant is 
cultivated in India, Jamaica, and South America, but most of 
the drug is imported from Eastern Mexico under the name of 

Mexican ’’ or '' Vera Cruz jalap. 

Collection and Preparation. — The underground portion of the 
plant consists of thin horizontal runners, from the nodes of 
which adventitious roots arise. Some of the latter remain 
thin, but others fill with starch and swell enormously to form 
the tubercles used in medicine. They are collected throughout 
the year but more particularly in May, after the rains. The 
tubercles are sometimes dried in the sun, an operation taking 
about a month, but more usually in nets over wood fires in 
the collectors’ huts. Slits are sometimes made in the tubercles, 
which are potato-hke in texture when fresh,* to allow the 
moisture to escape. Jalap is exported in sacks holding about 
100 to 200 lb. 

History. — Convolvulaceous tubers with purgative properties 
were brought to Spain about 1565 when they were mentioned 
by Monardes. According to the Pharmacographia, it is 
doubtful if this was the jalap of modem commerce. 

Macroscopical Characters. — Jalap tubercles (Fig. 193, A) are 
fusiform, napiform, or irregularly oblong in shape and from 
3 to 15 cm. long. They are extremely hard and heavy. f The 
surface is covered with a dark brown, wrinkled cork, which is 
marked with lighter coloured, transverse lenticels. The larger 
pieces may bear gashes, which have been made to facilitate 
drying. The tubercles may be softened for cutting by pro- 
longed soaking in water. Cut transversely they show a 
greyish interior, a complete cambium ring fairly close to the 
outside and within it numerous irregular dark lines (see p. 562). 

* Ttie tubercles of an allied species, Ipomasa Batatas, are known as “ sweet 
potatoes ” and form an important food in the tropics and subtropics. Their 
starch forms Brazilian arrowroot. 

f The drug is often called jalap lourd in France, while the root of I. 
orizabensis is known as jalap Uger. The latter drug is often referred to as 
light jalap in this country. 



CONVOLVULACEM oox 

The drug has a slight, smok>' odour; the taste is at first 
sweetish., afterwards acrid. 


Fig iq^ — Talap A, whole tubers ; B, diagram showing the formation of 
^'‘"•the'abiormal bundles; C, a 

(BlfterPla^chon, 

C after Tschirch.) 
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JALAPS TUBER 

Jalapa, BP,, Jalap<^ Radix ; Jalap ; P. Racine de Jalap ; 

G. J alapenknollen 

Source. — Jalap consists of the dried tubercles or tuberous 
roots of Ipomcea purga Hayne (Exogonium purga Benth.), a 
large, twining plant indigenous to Mexico. The plant is 
cultivated in India, J amaica, and South America, but most of 
the drug is imported from Kastern Mexico under the name of 
'' Mexican or “ Vera Cruz '' jalap. 

Collection and Preparation. — The underground portion of the 
plant consists of thin horizontal runners, from the nodes of 
which adventitious roots arise. Some of the latter remain 
thin, but others fill with starch and swell enormously to form 
the tubercles used in medicine. They are collected throughout 
the year but more particularly in May, after the rains. The 
tubercles are sometimes dried in the sun, an operation taking 
about a month, but more usually in nets over wood fires in 
the collectors’ huts. Slits are sometimes made in the tubercles, 
which are potato-like in texture when fresh,* to allow the 
moisture to escape. Jalap is exported in sacks holding about 
100 to 200 lb. 

History. — Convolvulaceous tubers with purgative properties 
were brought to Spain about 1565 when they were mentioned 
by Monardes. According to the Pharmacographia, it is 
doubtful if this was the jalap of modern commerce. 

Macroscopical Characters. — Jalap tubercles (Fig. 193, A) are 
fusiform, napiform, or irregularly oblong in shape and from 
3 to 15 cm. long. They are extremely hard and heavy. f The 
surface is covered with a dark brown, wrinkled cork, which is 
marked with lighter coloured, transverse lenticels. The larger 
pieces may bear gashes, which have been made to facilitate 
drying. The tubercles may be softened for cutting by pro- 
longed soaking in water. Cut transversely they show a 
gre3dsh interior, a complete cambium ring fairly close to the 
outside and within it numerous irregular dark lines (see p. 562). 

* The tubercles of an allied species, Ipomcea Batatas, are known as “ sweet 
potatoes ” and form an important food in the tropics and subtropics. Their 
starch forms Brazilian arrowroot. 

t The drug is often called jalap lourd in France, while the root of J. 
orizabensis is known as jalap Uger. The latter drug is often referred to as 
light jalap in this country. 
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The drug has a slight, smoky odour; the taste is at first 
sweetish, afterwards acrid. 


Fig. 193. — Jalap. A, whole tubers ; B, diagram showing the formation of 
the abnormal bundles ; C, a transverse section, i, parenchyma ; 
2, new parenchyma ; 3, normal phloem ; 4, new phloem ; 5, cambium ; 
6, new cambium ; 7, wood ; 8, cork; 9, secretion cell. (B after Planchon, 
C after Tschirch.) 

6 
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Microscopical Characters . — N transverse section (Fig. 193, C) 
shows that the bark consists of brownish, thin-walled cork 
cells and a cortex and phloem in which are numerous secretion 
cells. The bark is separated from the stele by a brown 
cambium line on the inner side of which are radial strips of 
primary wood separated by broad medullary rays. Within 
these are numerous concentric vascular bundles which are 
formed by secondary meristems as indicated in Fig. 193, B. 
When fully formed these have a central wood and external 
phloem separated by a circular cambium. Secretion cells, 
whose contents stain yellow with iodine water, are scattered 
throughout the section. The parenchyma contains single, 
rounded, or ovoid starch grains from 5 to 65/x in diameter and 
compound grains with two to six components ; also cluster 
crystals of calcium oxalate about 10 to 35//, in diameter. The 
starch grains are often partly gelatinised. In longitudinal 
section or in powder the vessels are seen to have numerous 
bordered pits. For powder, see p. 109. 

Constituents. — Jalap contains from 4 to 20 per cent, (official 
minimum 9 per cent.) of resin, which may be extracted from 
the powdered drug with boiling alcohol (90 per cent.). On 
pouring a concentrated tincture into water the resin is pre- 
cipitated and may be collected, washed, and dried. The drug 
also contains mannite, sugars, calcium oxalate, starch, and a 
fluorescent substance, scopoletin (p. 677) . 

Jalap resin is a very complex mixture. About 10, per cent., 
known as scammonin,"' is soluble in ether and contains a 
small amount of ipurganol, C2iH3202(0H)2, which gives the 
colour reactions of a phytosterol. The larger, ether-insoluble 
portion is called “ jalapin.'' The resin appears to be partly 
glycosidal in nature since glucose is found after its hydrolysis 
together with convolvulinic acid, C15H30O3, formic acid, 
but5?Tic acid, and a-methylbutyric acid. 

Allied Drug . — Tampico jalap, which consists of the dried 
tubercles of Ipomcea simulans, is occasionally found in com- 
merce- The surface is convoluted and lacks the distinct 
lenticels of the official drug. The resin (tampicin) which it 
contains differs from that of jalap in being completely soluble 
in ether. 

Uses. — Jalap is a powerful hydragogue cathartic. 
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IPOMCE^ RADIX 

Ipomc^a, B.P. ; IpomcRa, Orizaba Jalap, Mexican Scammony 
Root, Light Jalap ; F. Jalap fusiforme, male ou leger ; 
G. Orizabajalapa 

Source. — ^Ipomoea is tlie dried root of Ipomcea orizabensis, a 
convolvtilaceous twining plant with a fusiform root about 
6o cm. long. The drug is collected in the Mexican state of 
Orizaba and is exported from Vera Cruz. 

History. — Orizaba was originally imported as a substitute 
or adulterant of jalap or its resin ('' jalapin The resin is, 
however, more soluble in ether than jalap resin and more 
closely resembles that obtained from the root of Convolvulus 
Scammonia, which was the original source of scammony resin. 
On account of the increasing scarcity of the latter drug, the 
1914 Pharmacopoeia permitted the resin of either C. Scammonia 
or I. orizahensis to be used as scammony resin. Scammony 
resin of the 1932 Pharmacopoeia is obtained solely from 
/. orizabensis. 

Characters. — ^Whole roots of ipomoea are rarely imported 
and the drug usually consists of transverse or obHque slices 
about 3 to 5 cm. wide and 2 to 4 cm. thick. Targe roots are 
sometimes cut longitudinally as well as transversely but, 
possibly owing to the collection of smaller roots, the rectangular 
pieces obtained by quartering the root appear to be less 
common than was formerly the case.* 

The outer surface is covered with a greyish-brown, wrinkled 
cork. The transverse surface is greyish or brownish and shows 
a number of concentric rings of fibrovasctilar btmdles. The 
parenchymatous tissue of both bark and stele resembles that 
of jalap in containing starch and calcium oxalate. Tike jalap, 
the section shows numerous scattered secretion cells with 
resinous contents. The drug has a slight odour and a faintly 
acrid taste. 

Constituents. — ^Ipomoea, when extracted with alcohol (90 per 
cent.), yields about 12 to 18 per cent, of a complex resinous 
mixture, of which about 65 per cent, is soluble in ether. To 
obtain comparative results with regard to different samples of 
the resin the method of determining the ether solubility must 

* The Pharmacographia, p. 446, states " transverse slices are of rare 
occurrence,*' a statement which does not apply to the drug now in commerce. 
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be standardised or tbe results will be of little value. Wlien 
the official method is followed the ether-insoluble matter in 
the resin should not exceed 40 per cent. 

By successive treatment with different solvents orizaba 
resin yields : to petroleum spirit about 6 per cent, of fatty 
material, to ether about 65 per cent, of resin, and a further 
25 per cent, of resin to ethyl acetate. The resins extracted by 
ether and ethyl acetate appear to be similar to one another and 
of glycosidal nature. On hydrolysis ipuranol, C23H3 302(011)2, 
a-methylbutyric acid, tiglic acid, glucose, a methyl pentose, 
jalapinoHc acid, and methyl jalapinolate are produced. The 
drug also contains scopoletin, starch, and calcium oxalate. 

Adulteration . — Brazilian jalap j the sliced roots of Pipto- 
stegia Pisonis, is sometimes imported. It occurs in similar 
sized slices to those of ipomoea and, like the latter, has con- 
centric rings of wood. The fibres, however, do not project 
from the surface as much as in ipomoea. It contains about 
20 per cent, of resin which, however, differs from the ipomoea 
resin in being very sHghtly soluble (only about 6 per cent.) in 
ether. 

Uses. — ^Ipomoea is mainly used for the preparation of 
scammony resin. It resembles jalap in medicinal properties. 

Allied Drugs. — Scammony Root is the dried root of Convol- 
vulus Scammonia, a large twining plant found in the Balkans, 
Asia Minor, Caucasus Mountains, Syria, and Traq. It was 
formerly exported from the Black Sea ports (Batoum, Odessa), 
but is now of small commercial importance. Typical pieces of 
drug measure about 2 to 5 cm. in diameter and from 10 to 
20 cm. in length. The roots are greyish-brown^ almost 
cylindrical and spirally furrowed. They have an enlarged 
crown bearing the remains of aerial stems. The internal 
structure recalls that of jalap but is more fibrous, and the bark 
is thinner and less well defined. 

Scammony root contains about 3 to 13 per cent, of resin, 
which is almost entirely soluble in ether. This resin is not 
identical with orizaba resin but closely resembles it in chemical 
nature and in physiological action. 

Scammonium or Scammony G-um-Resin is obtained from the 
living root of C. Scammonia by cutting off its crown and 
collecting the exudation in mussel shells. The dried secretion 
consists of resin, similar to that obtained from the dry root, 
and gum. The drug is very expensive, appears to be in no 
way superior to other convolvulaceous resins, and is now 
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rarely used. It usually occurs in small, brownish cakes having 
a somewhat cheesy odour. If not dried immediately after 
collection a certain amount of fermentation takes place and 
the drug becomes more porous. It is very liable to adultera- 
tion. Being a gum-resin it forms an emulsion when triturated 
with water. If of good quality, it yields about 70 to 80 per 
cent, of ether-soluble resin. 

Other convolvulaceous drugs which are sometimes employed 
for their purgative action are Hirpeth, the dried root and stem 
of Ipomoea Turpethum, and kaladana, the dried seeds of 
IpomcBa hederacea. These drugs, although seldom prescribed 
in Britain, are used in India. 


Order TUBIFLOR^ 

The Tubiflorae is a large order which is subdivided into four 
suborders and seventeen families. Of medicinal interest are : — 

Suborder Boraginineae, Family Boraginaceae and Hydro- 
phyllaceae. 

„ Verbenineae, Family Tabiateae. 

,, Solanineae, Families Solanaceae, Scrophulariaceae, 

and Pedaliaceae. 

The members of the above famihes are usually herbs with 
alternate or opposite, simple leaves. The flowers are generally 
bisexual and often zygomorphic. They usually have two or 
four, epipetalous stamens and a bicarpellary, superior ovary. 

Of the families mentioned above the Pedaliaceae and 
Boraginaceae may be dismissed with' a brief reference to 
sesame oil and alkanet root. 

Oleum Sesami. — Sesame oil is a fixed oil obtained by 
expression from the seeds of Sesamum indicum (Fam. Peda- 
liaceae), a herb which is widely cultivated in India, China and 
Japan. The oil, of which the seeds yield about 50 per cent., is 
officially permitted to be used under certain circumstances 
instead of olive oil. Sesame oil may be detected by the 
production of a pink colour when it is shaken with hah its 
volume of hydrochloric acid containing i per cent, of sucrose 
(Baudouin's Test). 

Anchusae Radix. — Alkanna or Alkanet Root. — ^Alkanna is 
the dried root of Alkanna tinctoria (Fam. Boraginaceae), a 
herb found in Hungary, Southern Europe and Turkey. The 
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drug consists of reddish-purple roots about lo to 15 cm. long 
and I to 2 cm. in diameter near the crown. The surface is 
deeply fissured and readily exfoliates. Attached to the crown 
are the remains of leaves having whitish, bristly hairs . Alkanna 
contains the red colouring matters, alkannic and anchusic 
acids. It is used for colouring oils and fats and, in the form 
of a tincture, for the microscopical detection of oils and fats. 

Family HYDROPHYLLACEiB 

A family of about 170 species, mostly North American. 
Herbs commonly hairy, with mostly alternate leaves. Flowers 
chiefiy blue or white, in one-sided cymes or false racemes which 
are mostly bractless, and coiled from the apex when yoiing. 

ERIODICTYI FOLIA 

Eriodictyon U.S.P., Yerha Santa, Consumptive' s Weed, Bear's 
Weed, Mountain Balm ; F. Feuilles d' Eriodictyon ; 
G. Eriodictyon. 

Source. — ^Eriodictyon consists of the dried leaf of Eriodictyon 
calif ornicum, a low evergreen shrub of the hills and mountains 
of California and northern Mexico. 

Macroscopical Characters. — The leaves usually occur in 
fragments ; when entire, they are lanceolate, from 5 to 15 cm. 
long, and from i to 3 cm. wide. The apex is acute ; the base 
shghtly tapering into a short petiole. The margin is irregu- 
larly serrate or crenate-dentate. The upper surface is 
yellowish-brown to greenish-brown and covered with a 
glistening resin. The lower surface is greenish-gray to 
yellowish-gray, conspicuously reticulate with greenish-yellow 
or brown veins, and minutely tomentose (cottony) between 
the reticulations. The leaves are thick and brittle. They 
have an aromatic odour, and a balsamic bitter taste, which 
becomes sweetish and shghtly acrid. 

Microscopical Characters. — Characteristic elements are uni- 
cellular non-glandular hairs which are undulate and have thick, 
walls ; glandtilar hairs with one-celled stalks, and six- to eight- 
celled heads, the latter being up to 75/x in diameter ; tracheae 
mth spiral thickenings or simple pores., and associated with 
h^ified fibres. Starch grains are few, from to 2,0 fju in 
diameter. Calcium oxalate crystals are abundant, in rosette 
aggregates, from 5/x to 30^6 in diameter. 
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Constituents. — ^Kriodictyon contains volatile oil, resin, 
eriodictyol, iionioeriodictyol, clirysoeriodictyol, xantlioerio- 
dictyol, eriodonol, eriodictyonic acid, and ericolin. 

Uses. — ^Yerba Santa is used in coughs, colds, asthma, and 
in inflammations of the uro-genital organs. It is also used 
pharmaceutically as a vehicle for masking the taste of bitter 
and otherwise disagreeable medicines, particularly quinine. 

Family LABIAT.® 

The Tabiatse consists of 170 genera and about 3,000 
species, most of which are aromatic annual or perennial herbs. 
The family is well represented in Britain and in the Mediter- 
ranean countries. The Tabiatse have bisexual, zygomorphic 
flowers, which are usuaUy of the floral formula K(5), C(5), 
A4, G(2), and are arranged in verticillasters. The corolla is 
bilabiate and the stamens are didynamous. Occasionally the 
number of stamens is reduced to two, e,g. in Rosmarinus. The 
ovary becomes four-celled and has a single ovule in each 
loculus. With the exception of Rosmarinus the medicinally 
important species have a gynobasic style, and the four nutlets 
have onl3^ a small surface of contact with one another. 

The herbaceous members of the family have square stems. 
The leaves and other aerial parts have clothing hairs and 
characteristic glandular hairs (see Fig. 41, T), which secrete 
oil. The stomata are of the type shown in Fig. 42, B. 

ISTumerous labiate plants are used as culinary herbs or for 
the preparation of volatile oils. In addition to rosemary, 
lavender, and peppermint, which are described below, the 
following may be mentioned : spearmint [Mentha spicata), 
pennyroyal {Mentha pulegiurn), sweet marjoram {Origanum 
major ana), patchouli {Pogostemon patchouli) , melissa {Melissa 
officinalis), sage {Salvia officinalis), and hyssop {Hyssopus 
officinalis). Also thyme {Thymus vulgaris) and Monarda 
punctata, both of which are important sources of thymol. 

HERBA ET OLEUM ROSMARINI 

Rosemary and Oil of Rosemary ; F. Rosmarin et Essence de 
Rosmarin ; O. Rosmarin und Rosmarindl 

Source. — Oil of rosemary, which is official in the British 
Pharmacopoeia, is a volatile oil distilled from the flowering 
plant, Rosmarinus officinalis Linn. Rosemary is a native of 
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Southern Europe and the oil is produced in the South of 
France, the Dalmatian Islands, Spain, and North Africa. The 
plant has long been cultivated in England, probably prior to 
the Norman Conquest, but not on a commercial scale. 

Characters. — Rosemary is an evergreen shrub which attains 
a height of i to 2 metres and has slender, ash-coloured 
branches. The leaves are about 3-5 cm. long, 2 to 4 mm. 
broad, rigid, opposite, sessile, and linear. The upper surface 
is dark green and glossy, while the lower surface is grey and 
woolly owing to the presence of numerous branched hairs. 
Typical labiate, glandular hairs are also present. The margins 
of the leaf are revolute, and the midrib is very prominent on 
the lower surface. 

Rosemary bears verticillasters of mauve flowers which in 
England appear from April to June. The dowers are easier 
to examine than those of lavender or the mints on account of 
their larger size. They have a campanulate, two-lipped calyx 
and a widely-gaping, two-lipped corolla. The upper lip of the 
corolla has two lobes and the lower lip three. Only the 
anterior pair of stamens develop. The bicarpellary ovary 
develops into four nutlets. 

Constituents. — Rosemary yields about i to 2 per cent, of 
volatile oil. This oil contains 0*8 to 6 per cent, of esters 
(calculated as bomyl acetate) and 8 to 20 per cent, of total 
alcohols (calculated as bomeol, CioHigO). The official oil is 
required to contain not less than 2 per cent, of esters and not 
less than g per cent, of free alcohols. 


HERBA ET OLEUM LAVANDULi^E 

Lavender and Oil of Lavender ; F. Lavande et Essence de 
Lavande ; G. Lavendel und Lavendelol 

Source. — Oil of lavender, which is ofi&cial in the British 
Pharmacopoeia, is a volatile oil distilled from the fresh 
flowering tops of Lavandula officinalis Chaix. Lavender is a 
native of Southern Europe, where it is widely grown. The 
English-grown herb yields an oil which is more esteemed than 
the Continental and differs markedly from it in chemical 
composition. 

Continental oils differ among themselves owing to the fact 
that a number of different species, varieties, and hybrids are 
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distilled. Tlie true lavender, Lavandtda officinalis, yields the 
best oil when grown at a fairly high altitude, the variety 
growing under these conditions being known as “ petite 
lavande.'' At a lower altitude the “ lavande moyenne 
yields a somewhat less esteemed oil. Grande lavande,"' 
Lavandula latifolia Villers {JL. spica DC.*), yields a much 
coarser oil, which is sold as oil of spike. The above plant 
readily hybridises with Lavandula officinalis, yielding a plant 
known as '' gross lavande " or “ lavandin," the oil of which is 
intermediate in character between that of the parent forms. 
Davandin is said to be grown on a large scale, f 

Characters. — ^kavender is an evergreen shrub which attains 
under cultivation a height of about i metre. J The leaves are 
oblanceolate-linear in shape and have entire, revolute margins. 
The upper branches are distinctly square and bear terminal 
spikes of six to ten verticillasters, each whorl having from 
six to ten dowers. 

The plant flowers from July to September. The flowers 
are much smaller than those of rosemary. Bach arises in the 
axil of a rhomboidal bract (A. latifolia has linear bracts) . The 
calyx is five-toothed (the posterior one being much larger than 
the others) and has tldrteen ribs. It is bluish- violet in colour, 
very hairy, and shows shining oil glands. The corolla is 
purplish-grey, tubular, and two-lipped, the posterior lip having 
two lobes and the anterior one three lobes. The four stamens 
are inserted on the hairy throat of the corolla. The fruit is of 
the usual labiate type. If transverse sections of the caly:s: or 
corolla are examined both will show multicellular, branched, 
clothing hairs and labiate glandular hairs containing volatile 
oil. 

Constituents. — The fresh flowering spikes yield about 0.5 per 
cent, of volatile oil. The amount varies according to variety, 
season, and method of distfllation, modem steam stiUs giving 
a rather larger yield than those in which the flowers are boiled 
with water. 

English oil commands the highest price. It contains about 
7 to 14 per cent, of esters (chiefly Hnalyl acetate), linalol, 
geraniol, cineole, Hmonene, and a sesquiterpene. Genuine 
Continental lavender oil normally contains over 35 per cent. 

* Note, Lavandula spica DC. = L. latifolia Vill., but L. sfica Linn. — 
L. officinalis Cboix. 

t For further details, see Parry's Chemistry of Essential Oils. 

I lu the wild state L. officinalis is about half a metre high and L. latifolia 
about I metre high. 
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of esters. Oil of spike, which is largely used in cheap per- 
fumery, contains little ester but a high proportion of free 
alcohols (about 23 to 41 per cent, calculated as borneol). 
Hybrids are of intermediate character, e.g. lavandin oil"' 
containing about 6 to 9 per cent, of esters and about 35 per 
cent, of alcohols. The nature of the alcohols also varies from 
a mixture of linalol and geraniol in the best lavender oil to 
bomeol in the oil of spike. Sufficient has been said to indicate 
some of the variations to be expected in the analysis of 
Lavandula oils, and works on essential oils may be consulted 
for more detailed information. 


HERBA ET OLEUM MENTH^E: PIPERIT-® 

Peppermint and Oil of Peppermint ; P. Menthe Poivree et 
Essence de Menthe Poivree ; G. Pfefferminze und Pfeffer- 
minzedl 

Source. — Oil of peppermint is officially described as “ the 
oil distilled from the fresh flowering tops of Mentha piperita 
Linn., and rectified, if necessary.'" The European and 
American oil appears to be derived to a large extent from the 



Fig. 194. — Carting peppermint, Long Melford (Stafford Allen & Sons, Ltd.), 
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two varieties * M. piperita, var. vulgaris Sole (“ black mint 
and M .piperita, var. officinalis Sole (“ white mint Japanese 
peppermint oil is derived from ISL. canadensis, var. piperascens. 

Characters. — All the mints have square stems and creeping 
rhizomes. The flowers are arranged in verticillasters and 
have the floral formula K(5), (C5), A4, G(2). The black mint, 
which is the one most commonly cultivated in England, 
has purple stems and dark green petiolate leaves which are 
tinged with purple. The leaves are 3 to 8 cm. long and have 
an acute apex and serrate margin. They are broader than 
those of M. spicata (spearmint), but narrower than those of 
M. aquatica (water mint). The small, purple flowers appear 
in the late summer. 

Constituents. — The ofiicial oil of peppermint contains from 
4 to 9 per cent, of esters calculated as menthyl acetate, and 
not less than 46 per cent, of free menthol. Some of the 
characters of commercial oils are indicated below and should 
be compared with the of&cial requirements. 


A merican. 


English Black 
Mint. 


English White 
Mint. 


Specific gravity 
Optical rotation 
Menthol, as esters 
Menthol, free 
Menthone 


0*900 to 0*915 
— to 

5 to 14 per cent. 
45 to 50 per cent. 
9 to 19 per cent. 


0-9036 

- 23 - 5 ° 

3-7 per cent. 
59*4 per cent. 
11*3 per cent. 


0*9058 
-” 33 ° 

13-6 per cent. 
51-9 per cent. 
9*2 per cent. 


Natural Japanese peppermint oil contains from 70 to 90 
per cent, of menthol, for the extraction of which it is largely 
used. The dementholised Japanese oil of commerce contains 
“approximately the same amount of menthol and its esters as 
the American oil. 


Eamily SOLANACRffi 

The Solanaceae comprises 85 genera and about 1,800 species. 
Of these only hve species are indigenous to Britain, namely. 
Datura Stramonium (Thomapple), Solanum dulcamara (Bitter- 
* As in the case of Lavandula, numerous Mentha hybrids and varieties 
are known. Light has recently been thrown on this subject by the study of 
genetics and it has been shown that peppermint, ikf. piperita Hudson, is 
M. aquatica Linn. X M. spicata L. et Hudson, all having the same chromo- 
some number, namely, 18. This complex but interesting subject is fully 
dealt with in Tschirch’s Handbuch der Pharmakognosie, 1932 edition, 1 , 
2, 726—730. 



572 


PHARMACOGNOSY 


sweet), Solamim nigrum (Black ISrigHtsliade) , Atropa Belladonna 
(Deadly Nigktsliade) , and Hyoscyamus niger (Henbane) . Many 
tropical and sub-tropical species are, however, cultivated, e.g. 
Solamim tuberosum (Potato), Solanum Ly coper sicum (Tomato), 
and Nicotiana tabacum (Tobacco). 

The dowers are bisexual and seldom markedly zygomorphic, 
although the carpels are placed obliquely (see Fig. i 6 o, D). 
They have the floral formula K( 5 ), C( 5 ), A 5 , 0(2). The ovary 
is typically bilocular but frequently becomes falsely three- to 
five-locular, e.g. Datura, 

On the flowering branches adnation of the leaves with 
their axillary branches often occurs and the true origin of the 
parts is only made out by cutting sections. In stramonium, 
for example, the leaf at any particular node really belongs to 
the node below (see Fig. ig 6 . A), while in belladonna it gives 
rise to pairs of leaves of unequal sizes (see Fig. igg. A). 

Stomata may be found on both surfaces of the leaf or on 
the lower surface only. Bach stoma is surrounded by a 
variable number of subsidiary cells, but three or four of these, 
one being generally smaller than the others, is usual. Such 
stomata are commonly described as cruciferous or solanaceous. 
Both clothing and glandular hairs are found, the latter showing 
considerable variety both in the stalk and head. Crystal sand 
is of very common occurrence in the family, but solitary and 
cluster crystals are also found. All members of the family 
have intraxylary phloem which is often accompanied by 
sclerenchymatous fibres. 


STRAMONII FOLIA 

Stramonium, B,P, ; Stramonium or Thornapple Leaves ; 

Jimson or Jamestown Weed ; F. Feuilles de Stramoine ; 

G. Stechapfelhldtter 

Source. — Stramonium consists of the dried leaves and 
flowering tops of Datura Stramonium and D, tatula. Stramo- 
nium probably originated in the Caspian region, but it is now 
almost as abundant in America as in the Old World. Bnglish 
suppHes are derived partly from plants grown in this country but 
mainly from the Continent (Germany, France, Hungary, etc.). 

Plant. — Stramonium is a bushy annual attaining a height 
of about 1*5 metres. The plant has a large, whitish root and 
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numerous rootlets. The erect aerial stem shows dichasial 
branc^ng and the adnation referred to above. The stem and 
branches are round, smooth, and green. The flowers (Fig. los) 
are solitary, axillary, and shortly stalked. They have a sweet 
scent. Bach has a tubular, five-toothed cal3rx about 4-5 cm 
long, a white, funnel-shaped corolla about 8 cm long five 
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Fig. 195. — Datura Stramonium. A, end of flowering shoot; B, corolla cut 
open ; C, pistil, the rest of the flower has been cut away ; D, floral 
diagram the arrow indicates the plane of symmetry ; E, capsule opening : 
F , capsule in transverse section ; G, seed in transverse section, showing 
^rved en^ryo. All slightly reduced except G, which is enlarged. (From 
tvendle s Classification of Flowering Plants.) 

stamens, and a bicarpellary ovary. The plant flowers in the 
summer and early autumn. The fruit is originally bilocular 
but as it matures a false septum arises, except near the apex, 
so that the mature fruit is almost completely four-celled. The 
ripe fruit is a thorny capsule about 3 to 4 cm. long. 
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D. tatula closely resembles the above but, possibly owing 
to the fact that its natural habitat is the tropics, it seldom 
reaches the size of our indigenous species when grown in 
England. The stems are reddish and the leaves have purplish 
veins as also have the lavender-coloured corollas. 

History. — Stramonium was grown in England by Gerarde 
towards the end of the sixteenth century from seeds obtained 
from Constantinople. The use of the drug is largely’' due to 
the experiments of Storck (1762). 

The generic name. Datum, is derived from the name of the 
poison, dhdt, which is prepared from Indian species and used 
by the Thugs. 

Macroscopical Characters. — ^Fresh stramonium leaves or 
herbarium specimens should first be examitied since the com- 
mercial leaves are much shrunken and twisted, and their shape 
can only be ascertained by careful manipulation after soaking 
them in water. A portion of the leaf should be cleared by 
boiling in chloral hydrate solution and examined for calcium 
oxalate. 

The dried leaves are greyish-green in colour, thin, brittle, 
twisted, and often broken. Whole leaves (Eig. 195, A) are 
8 to 25 cm. long and 7 to 20 cm. wide, those of D. Stramonium 
being somewhat larger than those of D. tatula. Both kinds of 
leaf are shortly petiolate, ovate, or triangular- ovate in shape, 
acuminate at the apex and have a sinuate- dentate margin. 
They are distinguished from the leaves of the Indian species, 
D. innoxia, D. metel, and D. fastuosa, by the margin, which 
possesses teeth dividing the sinuses, and by the lateral veins 
which nm into the marginal teeth. 

The commercial drug contains occasional fiowers and young 
capsules, which have been described above. Also, the smaller 
stems, which should not exceed 20 per cent, of the whole drug. 
Stramonium has a slight but unpleasant odour, and a bitter 
taste. 

Microscopical Characters. — ^A transverse section of a leaf 
(Fig. ig6, B) shows that it has a bifacial structure. Both 
surfaces are covered with a smooth cuticle and possess both 
stomata and hairs. Cluster crystals of calcium oxalate 
are abundant in the mesophyll, and microsphenoidal and 
prismatic crystals are also found. The stomata are of the 
usual solanaceous type and the epidermal cells have wavy 
walls. The clothing hairs are three- to five-celled, slightly 
curved, and have thin warty walls. The basal cell is usually 
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more than 50ju. long (distinction from D. metel ) . Small glandular 
hairs with a one- or two-celled pedicel are also found. If 
portions of the leaf are cleared with chloral hydrate solution 
the abundance of the cluster crystals of calcium oxalate and 
their distribution with regard to the veins may be noted. 

The midrib shows a bicollateral structure and characteristic 
subepidermal masses of coUenchyma on both surfaces. 

Stems are present, but few of these should exceed 4 mm. in 


nr 



Fig. 196. — Datura Stramonium. A, plan of flowering branch. ; I, II, and 
III, successive shoots ; h, bract of I ; a bracts of II, etc. B, transverse 
section of leaf, i, cuticle ; 2, epidermis ; 3, collench3rma ; 4, palisade 
cells ; 5, rosette of calcium oxalate ; 6, stoma ; 7, prism of calcium 

oxalate ; 8, phloem ; 9, xylem. C, upper epidermis ; B, lower epidermis. 
(After Tschixch-Oesterle, Atlas.) 


diameter. They possess epidermal hairs up to 8oopt in length 
and have perimeduUary phloem. The stem parenchyma 
contains calcium oxalate similar to that found in the leaf. 
For further details, see powder, p. 106. 

Constituents. — Stramonium usually contains from o*2 to 
0*45 per cent, of alkaloids (official minimum 0*25 per cent.). 
The chief alkaloid present in both D. Stramonium and D. tatula 
is hyoscyamine, but a little atropine may be formed from the 
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hyoscyamine by racemisation. The larger stems contain little 
alkaloid and should therefore be excluded. 

Hyoscyamine is a laevorotatory alkaloid, and atropine is 
the corresponding inactive racemic compound. Hyoscyamine 
is racemised by heating or, commercially, by the addition of 
a small quantity of caustic alkali to its cold alcoholic solution. 
The same change is produced by ammonia or sodium carbonate 
solutions and therefore takes place during the ojfhcial assay 
process. 

^ Atropine is readily hydrolysed and on heating it at 6o° 
with baryta water the following change takes place : — 


CHa—CH CHa 


C«Hk 


K.CH3CH.O.CO.CH 


CHo- 


-CH CHa 

Atropine 


I 

CH2.OH 


+ H, 


CHa— CH CHa C«H. 

N.CH3CH.OH + CH.COOH 

cHa— (!; h — in, iHij.oH 

Tropine Tropic acid 


Atropine is prepared commercially from Hyoscyamus 
fnuticus, Atropa Belladonfidy etc., in which plants the parent 
a^aloid is /-hiyoscyamine as in stramonium. Some of the 
differences between hyoscyamine and atropine are tabulated 
below : — 


Hyoscyamine 
Melting point, 108*5'^. 
Solution laevorotatory. 
Sulphate deliquescent. 
Picrate melting at 165° 


Atropine 

Melting point, 114° to 116°. 
Solution optically inactive. 
Sulphate slightly efflorescent. 
Picrate melting at 175° to 176°. 


Adfflteration.— The characters described above are sufficient 
to distinguish most adulterants. The drug has been somewhat 
fre^ently ad^terated, particularly with the leaves of species 
<AXanth%um (Compositae) , Carthamus (Composite), and Chmo- 
fodtum (Chenopodiaceae). These are, however, easily dis- 
tmgmshed from the genuine drug. 

Affled Drugs. ^The leaves of the Indian species D: innoxia 
and D. mad formed the datura leaves of the 1914 Pharma- 
copoeia. They contain about 0-5 per cent, of the alkaloid 
/-hyoscme or /-scopolamine, the hydrobromide of which is 
omcial. The rh^omes and leaves of Scopolia carniolica also 
form a commercial source of this alkaloid. In the latter plant 
some of the racemic base ^so appears to be present, Merck 
finding ttat the hydrobromide from Scopolia had a rotation of 
13 ’47 • Pure /-hyoscine hydrobromide has a rotation of 
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— 25*9° and c^-iiyoscine hydrobromide a rotation of 
cf . ofScial requirement for Hyoscinae Hydrobromidum) . 

On hydrolysis hyoscine yields tropic acid and a base 
known as oscine : — 

Cl7ll2l94^ + HgO = CgHioOg + C 8 II 13 O 2 N 
Hyoscine Tropic acid Oscine 

The commercial leaves of Z). innoxia and D. met el are curled 
and twisted like those of stramonium, but are usually some- 
what browner in colour. They are distinguished from 
stramonium by their more entire margins, and differences in 
venation and trichomes.* 

Uses, — Stramonium leaves are used in the treatment of 
asthma. Atropine has a stimulant action on the central 
nervous system and depresses the nerve endings to the 
secretory glands and plain muscle, whence its use to check the 
night sweats of phthisis and to relieve pain. Hyoscine is 
employed as a hypnotic as it does not produce a stimulating 
effect on the brain although it depresses nerve endings. 
Hyoscyamine is intermediate in action between atropine and 
hyoscine. Atropine and hyoscine are largely used in 
ophthalmic practice to dilate the pupil of the eye. 

Stramonium Seeds (Fig. 195, G) are dark brown or blackish 
in colour, reniform in outline, and about 3 mm. long. The 
testa is reticulated and finely pitted. A longitudinal section 
shows a coiled embryo embedded in an oily endosperm. 

Stramonium seeds contain about 0-2 per cent, of mydriatic 
alkaloids resembling those of the leaves and about 15 to 30 
per cent, of fixed oil. They are used for the same purposes as 
the leaves. 

Datura Seeds are derived from D, metel and possibly other 
species. They are used in India in the same way as stramo- 
nium seeds. Kach seed is light brown in colour, and ear- 
shaped. They are larger and more flattened than stramonium 
seeds, but resemble the latter in internal structure. They 
contain 0*2 per cent, of alkaloids, consisting of hyoscine with 
traces of hyoscyamine and atropine. 

HYOSCYAMI FOLIA 

HyoscyamuSy B.P. ; Hyoscyamus Leaves ; F. Feuilles de 
Jusquiame ; G. Bilsenkrauthldtter 

Source. — ^Hyoscyamus consists of the dried leaves and 
flowering tops of Hyoscyamus niger. The description of the 

* For details see Timmernian, Y". B. Phartn,, 1927, 467. 
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official drug refers to petiolate as well as sessile leaves, the first 
biennial leaves being thus admitted. Henbane is cultivated 
in England but considerable quantities are imported from 
Central Europe. The plant is also cultivated in the U.S.A. 

Plant. — ^Henbane is a biennial (var. a-hiennis) or annual 
(var. p-annua) plant. It is found wild, chiefly near old build- 
ings, both in England and on the Continent, and is widely 
cultivated. Before examining commercial henbane leaves it 
is advisable to study growing plants or herbarium specimens. 
The following differences should be noted : — 


First Year Biennial. | Second Year Biennial. 


Stem very short. 

Leaves in a rosette near 
the ground. Ovate- 
lanceolate and petio- 
late, up to 30 cm. long, 
the lamina being up 
to 25 cm. long. Hairy. 


Does not normally flower 
in the first year. 


Stem branched and up 
to 1-5 metres high. 

Leaves sessile, ovate- 
oblong to triangular- 
ovate, 10 to 20 cm. 
long. Margin deeply 
dentate or pinnatifid. 
Very hairy, especial- 
ly in the neighbour- 
hood of the midrib 
and veins. 

Corolla yellowish, with 
deep purple veins. 


Annual. 


Stem simple and about 
0*5 metre high. 

Leaves sessile. Smaller 
than those of the 
biennial plant, with a 
less incised margin 
and fewer hairs. 


Corolla paler in colour 
and less deeply veined. 


Henbane flowers have the formula K(5), C(5), A5, 0 ( 2 ). 
The hairy five-lobed calyx is persistent. The fruit is a small, 
two-celled pyxis, which contains numerous seeds. 

Henbane seeds are dark-grey in colour, somewhat reniform 
in shape, and about 1-5 mm. long. They have a minutely 
reticulated testa and an internal structure closely resembling 
that of stramonium seeds. Henbane seeds contain about o*o6 
to 0*10 per cent, of alkaloids (hyoscy amine with a httle 
hyoscine and atropine). 

History. — Henbane, probably the Continental H. aVbus, was 
known to Dioscorides and was used by the ancients. Henbane 
was used in England during the Middle Ages. After a period 
of disuse in the eighteenth century the drug was restored to 
the Eondon Pharmacopoeia of 1809 largely owing to the work 
of Storck. 

CoUection and Preparation. — ^Biennial henbane is the variety 
mainly grown in England, but much of the imported drug is 
of the annual variety or is derived from the alHed species 
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H. alhus. As previously mentioned (p. 59) the germination of 
henbane seeds is slow and often erratic. It is stated in the 
U.S. Dispensatory that the seeds germinate more satisfactorily 
if they are first treated with concentrated sulphuric acid and 
thoroughly washed with water. Fairly uniform germination 
is then said to take place in from twelve to fifteen days. 

The annual plant usually flowers in July or August and 
the biennial in May or June. In Kngland the drug appears 
to be collected at a somewhat earlier stage than on the Conti- 
nent, i.e. when flowering rather than fruiting. The leaves 
should be dried rapidly, preferably by artificial heat at a 
temperature of about 40° to 50 

Macroscopical Characters. — Commercial henbane consists of 
the leaves and flowering tops described above. The leaves 
are more or less broken but are characterised by their greyish- 
green colour, very broad midrib, and great hairyness. If not 
perfectly dry they are clammy to the touch owing to the 
secretion produced by the glandular hairs. The stems are 
mostly less than 5 mm. in diameter and are very hairy. The 
flowers are compressed or broken, but their yellowish corollas 
with purple veins are often seen in the drug. Henbane has a 
characteristic, heavy odour and a bitter, slightly acrid taste. 

Microscopical Characters. — A transverse section of a henbane 
leaf shows a bifacial structure. Both surfaces have a smooth 
cuticle, epidermal cells with wavy walls, stomata of solanaceous 
type and large number of hairs, which are particularly abun- 
dant on the midrib and veins. The hairs are up to ^oofju in 
length ; some are uniseriate and about four cells long, while 
others have a uniseriate stalk and a large, ovoid, glandular 
head, the cuticle of which is often raised by the secretion (see 
Fig. 197). Similar hairs are found on the stems. The meso- 
phyll contains single prisms, twin prisms, cluster crystals, and 
a few microsphenoidal crystals of calcium oxalate. In the 
broad midrib the epidermis is readily separated and the under- 
l3dng tissue, which in stramonium is collenchymatous, is paren- 
chymatous and shows intercellular spaces. The vascular 
tissue of the midrib is broader than in stramonium but shows 
the usual bicollateral arrangement, which is also found in the 
stems. For further details, see powder, p. 106. 

Constituents. — ^Henbane leaves contain about 0-045 0-14 

per cent, of alkaloids (official minimum 0-05 per cent.) and 
yield about 8 to 12 per cent, of ash (officially not more than 
20 per cent.). Hyoscyamine is the chief alkaloid present, but 
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it may be accompanied by a little liyoscine and atropine. 
The petiole appears to contain more alkaloid than the lamina 
or stem. 

Much of the Continental drug is said to consist of H. alhus, 
which contains about o*20 to 0*56 per cent, of alkaloids (mainly 
hy oscy amine) . Egyptian henbane, from H. muticus, is also 
imported for the preparation of hy oscy amine. The Egyptian 
leaves have yielded 1*4 per cent, of alkaloids and the leaves 
and stems o-6 per cent. 



Fig. 197. — Hyoscyamus niger. A, transverse section of leaf ; B, hairs. 

I, epidermis ; 2, intercellular space ; 3, twin prism of calcium oxalate ; 

4, sterna ; 5, phloem ; 6, xylem ; 7, cuticle ; 8, secretion. (After 

Tscmrch-Oesterle, Atlas.) 

A^ed Brugs. — Hyoscyamus albus, which is grown 013. the 
Continent, particularly in Erance, has petiolate stem leaves. 
The flowers have pale yellow, non-veined corollas. 

Hyoscyamus muticus is indigenous to India and Upper 
Ugypt , it has been introduced into Algiers. The leaves are 
petiolate, entire or dentate, and are usually found with a 
considerable amount of yellowish stalk. Some samples consist 
almost entirely of stalks and fruits. The corolla is yeUowish- 
white and the py:Kis, unlike that of H. niger, is cylindrical. 
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Uses. — ^Henbane resembles belladonna and stramonium in 
action but is somewhat weaker. It is often used with 
purgatives such as colocynth to prevent griping. 

BELLADONN-^ FOLIA 

BelladonncB Folium, B.P. ; Belladonna Leaves ; F. Feuilles de 
Belladonne ; G. Belladonnahldtter, Tollkirchenhldtter 

Source. — ^The drug consists of the dried leaves and tops of 
Air op a Belladonna, collected when the plant is in flower. 
Some of the drug is obtained from plants grown in Britain, but 
much is imported from the Continent. It is also cultivated 
in India and the U.S.A. 



Fig. 198 . — Airopa Belladonna, showing leaves, flowers, and fruits (Sutcliffe). 

Plant. — The deadly nightshade or belladonna is a perennial 
herb which attains a height of about 1*5 metres. The plant 
shown in Fig. 198 is four or five years old. Owing to adnation 
the leaves on the upper branches are in pairs, a large leaf and 
a smaller one (see Fig. 199, A). 
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Tlie flowers appear about the beginning of June. Yhej 
are solitary, shortly stalked, drooping, and about 2*5 cm. long. 
The corolla is campanulate, five-lobed, and of a dull 
purplish colour. The five-lobed calyx is persistent, remaining 
attached to the purplish-black berry. The latter is bilocular, con- 
tains numerous seeds, and is about the size of a cherry. In the 
XJ.S.A. the plant is often known as the Poison Black Cherry,’' 
while the German name is ToUkirchen ” {i,e. Mad Cherry), 

History. — Belladonna was probably known to the ancients 
but it is not clearly recorded until the beginning of the six- 
teenth century. The leaves were introduced into the Tondon 
Pharmacopoeia of 1S09, but the root was not used in Britain until 
a liniment prepared from it was introduced by Squire in i860. 

Cultivation, Collection, and Preparation. — Belladonna is grown 
either from seed or by dividing the rootstocks of old plants. 
The leaves are said to be richest in alkaloid at the end of June 
or in July, and a sunny position is said to give more active 
leaves than a shady one. Plants about three years old are 
sujBBciently large to give a good yield of leaves and, if the roots 
are being collected, it would seem to be best to replant about 
every third year (see also belladonna root) . Two or even more 
crops of leaves may be collected annually, heaves left in an 
imperfectly dry state deteriorate and give off ammonia. They 
should therefore be dried immediately after collection and be 
carefully stored. Sometimes the leaves are badly attacked by 
insects (see portions of leaves eaten away in Fig 198), and the 
roots by a fimgus.* 

Macroscopical Characters. — ^The drug consists of leaves and 
the smaller stems, the latter seldom exceeding 5 mm. in 
diameter. If the drug is little broken the arrangement of the 
leaves in unequal pairs may be seen. The leaves are dull green 
or yellowish-green in colour, the upper side being somewhat 
darker than the lower. Bach has a petiole of somewhat 
variable length and a broadly ovate, slightly decurrent lamina 
about 5 to 25 cm. long and 2*5 to 12 cm. wide. The margin 
is entire and the apex acute. A few flowers and fruits may 
be found. If the leaves are broken the most useful diagnostic 
characters are the venation and roughness of the surface. 
The latter is due to the presence of calcium oxalate in certain 
of the mesophyll cells, which causes minute points on the 
surface of the leaf as the other cells contract more on drying. 

* See Alcock, “A Preliminary Note on the Phytophthova on Atropa 
Belladonna ” P-J'^ 1926, Feb. 27, 232. 
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Microscopical Characters. — A transverse section and surface 
preparations of belladonna leaves are shown in Kg. 199. 
Stomata of characteristic solanaceous type are present on both 
surfaces, but are most common on the lower. The epidermal 
cells have sinuous walls and a striated cuticle. In the meso- 
phyll certain of the cells are filled with microsphenoidal 
(“ sandy crystals of calcium oxalate. The midrib shows 
the usual solanaceous structure. Hairs are most numerous on 
the young leaves. Some of the hairs are uniserial, two- to 
four-celled, clothing hairs, others resemble these but have a 
unicellular glandular head, while a third kind has a short 
pedicel and a multicellular glandular head. For further 
details, see powder, p. 107. 


3ir 



Fig. 199 . — Atropa Belladonna. A, diagram of flowering region ; B, trans- 
verse section of leaf ; C, portion of lower epidermis of same, r, cuticle ; 
2, epidermis ; 3, collenchyma ; 4, sandy crystals of calcium oxalate ; 
5, phloem ; 6, xylem. (A after Eichler ; B and C after Tschirch- 
Oesterle, Atlas.) 


Constituents. — Belladonna leaves contain from 0-15 to 
0*60 per cent, of alkaloids (average about 0*4 per cent., ofiicial 
minimum 0-3 per cent.), the chief of which is hyoscyamine. 
Small quantities of volatile bases, such as pyridine and 
IST-methylpyrroline, are present, and if not removed during the 
assay of the drug by heating would increase the titration and 
appear in the result as hyoscyamine. 

The leaves also contain a fluorescent substance,* ^-methyl- 

* Infusions of all the solanaceous drugs examined give a distinct fluor- 
escence in ultra-violet light. jS-methylsesculetin and other fluorescent 
substances are widely distributed in the Solanaceas and allied families. 
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assculetin (scopoletin) , and calcium oxalate. They yield about 
14 per cent, of ash (official limit 15 per cent.). 

Allied Drugs. — Scopolia leaves f are dried leaves of Scopolia 
carniolica, a European solanaceous plant which is somewhat 
smaller than belladonna. The leaves resemble those of bella- 
donna in shape, although more lanceolate and translucent. 
The cuticle is striated but less markedly so than in belladonna, 
sandy crystals are less numerous, hairs are rare or absent, and 
stomata are present on the lower surface only. The fruit, 
which is a pyxis, may often be found in the drug. The leaves 
are suitable for alkaloid manufacture since they contain about 
0*5 per cent, of hyoscyamine and hyosine. Scopolia rhizomes 
are used for the same purpose. 

Adulterants. — Of the numerous recorded adulterants of 
belladonna leaves those of Phytolacca decandra * (Phytolac- 
cacese) and Ailanthus glandulosa * (Simarubiacese) are perhaps 
the most important. In Phytolacca the lamina is denser and 
less decurrent than in belladonna ; the epidermal cells have 
straight wahs, and some of the mesophyll cells contain bundles 
of needle-shaped crystals of calcium oxalate. Ailanthus leaves 
are triangular-ovate, have whitish unicellular hairs on both 
surfaces, and contain cluster crystals of calcium oxalate. 

Uses. — Belladonna leaves are mainly used for internal 
preparations which are used as sedatives and to check 
secretion. Preparations of the root are mainly used externally. 


BELLADONNiE RADIX 

Belladonnce Radix, B.P. ; Belladonna Root ; E. Racine de 
Belladonne ; G. Belladonnawurzel 

Source. — The drug consists of the dried roots of Atropa 
Belladonna. It is collected in England and on the Continent. 

Collection and Preparation. — ^Much of the commercial drug is 
of small size and poor quality. The first year roots are not 
profitable to collect from the commercial point of view, 
although they contain a high proportion of alkaloids. The 
autumn of the third year would seem to be a suitable time for 
collection. The roots are dug up, washed, sliced, and dried. 

Macroscopical Characters. — Belladonna rapidly develops a 
large, branching root. The aerial stems die back each year 

* For illustration of these leaves, see Wallis, Practical Pharmacognosy , 
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and new ones arise independently from the large crown. By 
slicing the latter in the autumn the number of plants may be 
increased. 

Belladonna grown at Edinburgh produced in its first year 
a root about 20 cm. long and i to 2 cm. in diameter, while a 
four-year-old plant had a crown 10*5 cm. in diameter which 
weighed with the roots about 20 lb.* Dried roots of three- 
year-old plants are about 3 cm. in diameter and roots over 
4 cm. in diameter are exceptional. Most of the commercial 
drug is only about half this thickness. 



Fig. 200 .- — Atropa Belladonna. Transverse section of root (Sutcliffe). 

The drug is usually cut into short lengths, which are some- 
times split longitudinally. The outer surface is a pale greyish- 
brown. The root breaks with a short fracture and then shows 
a whitish or, if overheated during drying, brownish interior. 
A yellowish-green colour in the neighbourhood of the cambium 
is often seen. 

Microscopical Characters. — transverse section of a typical 
root is shown in Fig. 200. The cork consists of a few layers of 

* A photograph of this root will be found in the B.J 1926, Feb. 27, 231. 
A similar specimen found in a commercial sample of the drug was presented 
to us some years ago. Such large pieces, although easily grown, are rarely 
met with in commerce. 
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tHn-walled cells. The bark is non-fibrous and the wood does 
not show a radiate appearance. The wood consists of scattered 
groups of vessels, tracheids, and fibres, which are most abun- 
dant near the cambium ; there is a central mass of primary 
xylem. The parenchyma of bark and wood contains sandy 
c:^stals of calcium oxalate and abundant simple and compound 
starch grains. 

The structure gradually changes as the roots pass into 
rhizome, the wood becoming denser and exhibiting a distinctly 
radiate structure ; the rhizome also shows a distinct pith and 
internal phloem. The aerial stems found on the upper surface 
of the crown are hollow. 

Constituents. — Belladonna root contains about 0-4 to o *8 per 
cent, of alkaloids calculated as hyoscy amine. Bxperinients 
made by Blackie * with regard to the alkaloidal content at 
different ages bear out the statement of Schmidt that the 
younger roots contain the most alkaloid. Gerrard, however, 
found the roots to be most active in the fourth year. The 
following figures obtained by Blackie may be compared with 
the official requirements (not less than 0*4 per cent, of alkaloids 
and not more than 4 per cent, of acid-insoluble ash) : — 


i 

Alkaloids. 

Acid-Insoluble Ash. 

First year 

0-72 per cent. 

I- 10 per cent. 

Second year 

0-65 

o*6i „ 

Third year 

0-66 ,, 

1-50 

Fourth year 

o-6o ,, 

0-83 


Belladonna root also contains ^-methylaesculetin, calcium 
oxalate, and starch. 

Allied Drugs. — Bulgarian belladonna root has recently re- 
ceived considerable attention in the treatment of Parkinson's 
disease. When first introduced it was considered that the 
root was in some way different from ordinary belladonna root, 
but examination shows that it has the normal macroscopic 
and microscopic characters of Atropa Belladonna. Samples 
contain from 0*24 to 0*58 per cent, of alkaloids. Further 
clinical, pharmaceutical, and chemical investigations are pro- 
ceeding, f 

Two kinds of Indian belladonna may be met with in com- 
merce, one derived from cultivated plants of Atropa Belladonna 

* Blackie, P.J., 1926, Feb. 27, 231. 

f See Bailey, P.J., 1938, 86, 77 and 567 ; also Y.B. Pharm., 1938, 144. 
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and the other from wild plants of Atropa lutescens J acquemont. 
The roots of the latter plant all show a distinctly radiate 
transverse section even when of small size. They yield about 
0-7 per cent, of alkaloids, which require further investigation. 

Scopolia rhizome is the dried rhizome of Scopolia carniolica. 
It contains about 0*6 to 0*7 per cent, of alkaloids and is 
imported for the manufacture of hyoscyamine and hyoscine. 
It is sometimes found in Continental samples of belladonna 
root. The plant grows in the Carpathians, Czechoslovakia, 
and Roumania. The rhizomes bear Httle resemblance to bella- 
donna since they are nearly black in colour and bear numerous 
depressed stem scars. They are about 2 cm. in diameter and 
up to 10 cm. in length, but are usually much shorter. 

J Belladonna Root ** is the rhizome of Scopolia 
japonica. This resembles the Kuropean scopoHa rhizome but 
contains only about 0*2 to 0*3 per cent, of alkaloids (hyoscya- 
mine and no/'hyoscyamine) . 

Adulterant. — The root of Phytolacca decandra (Fam. 
Phytolaccacese) is sometimes sliced and mixed with samples 
of belladonna. It bears Httle resemblance to belladonna root, 
but a casual and inexperienced observer might perhaps mistake 
it for pieces of an old belladonna crown. The transverse 
section shows a number of concentric cambia, each producing 
a ring of wood bundles. The parenchyma contains abundant 
acicular crystals of calcium oxalate. A purgative substance 
(phytolaccin) , of resinous nature, is also present. 


CAPSICI FRUCTUS 

Capsicum^ B.P. ; Capsicums, Chillies ; F. Poivre de Guinee ; 

G. Spanischer Pfeffer 

Source. — ^The drug official in the British Pharmacopoeia is 
described as the dried ripe fruits of Capsicum minimum Roxb., 
and the description given appHes to the commercial varieties 
known as Sierra Teone, ISTyassaland, and Zanzibar chillies. 
These and a fourth variety, the Japanese, are sold in Bngland 
as chillies, while the larger but less pungent Bombay and Natal 
fruits are known on the Tondon market as capsicums. These 
commercial varieties are illustrated in Fig. 201. Very large 
Capsicum fruits, resembHng tomatoes in texture and practically 
non-pungent, are widely grown in South Europe as vegetables. 
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Tlie degree of relationsliip between the plants yielding the 
above fruits is somewhat doubtful, some botanists separating 
as distinct species what others regard as cultural varieties. 
The Japanese fruits are a case in point. They were regarded 
by Holmes as being partly derived from C. minimum Roxb. 
and probably partly from C, fyutescen$ Tiun., species which are 
now often united under the name of C.frutescens Will.* 

History. — Capsicums appear to be of American origin and 
were referred to in 1494 by Chanca, a physician who accom- 



Fig. 201. — I to 5, chillies ; i. Sierra Leone ; 2, Nyassaland ; 3, Zanzibar ; 
4, Japanese; 5, grown in Nottingham; 6 to 8, fruits of C. annuum : 
6, grown in Nottingham ; 7, Bombay ; 8, Natal. (Newman.) 


panied Columbus on his second voyage to the West Indies. 
The plants were introduced into India at a very early date, 
possibly by the Portuguese. Ginnie Pepper was well 
known in Kngland in 1597 and was grown by Cerarde. 

Macroscopical Characters , — African Chillies, as will be seen 
from Pig. 201, are oblong- conical in shape, 12 to 20 mm. long, 

* For example, Thoms’ Mandbuch der PJiarmazie, p. 1558, gives “ C. 
frutescens Will. (Syn. C. minimum Roxb.).” On the other hand, Flanchon’s 
]\datiere Medicale states : “ Le C.frutescens foumit le Piment de Cayenne et 
le C. minimum le Poivre de Guinee.” The drug ojB&cial in the U.S.P, is 
described as being derived from C.frutescens Linn,, grown in Africa. 
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and up to 7 mm. in width. The five-toothed calyx and straight 
pedicel are together about 20 to 30 mm. long. The amount 
of calices and pedicels is officially limited to 3 per cent. 
Samples, of course, vary, but the Sierra heone and Nyassaland 









202 . — Ai to Di Capsicum minimum ; Ag to Dg the corresponding 
regions of C. annuum. A, transverse section of pericarp ; B, outer 
epidermis of same ; C, inner epidermis of same ; D, transverse section 
of dissepiment, i, cuticularised epidermis ; 2, collenchymatous hypo- 
dermis ; 3, parenchyma ; 4, sandy crystals of calcium oxalate ; 5, large- 
celled layer ; 6, inner epidermis ; 7, parenchyma ; 8, sclerenchyma ; 

9, ridges of cuticle; 10, cuticle of dissepiment; 21, secretion; 
12, epidermis. (A^ and after Wallis, the remainder after Thoms and 
J. Moeller.) 
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varieties are usually more free from calices, pedicels, and 
stalks tkan the Zanzibar. The pericarp is glabrous, shrivelled 
and orange-red, the Sierra Teone and Nyassaland usually 
having a better colour than the Zanzibar. 

Internally the fruits are divided into two cells by a 
membranous dissepiment to which the seeds were originally 
attached. The latter, usually about ten to twenty in each 
fruit, are of a flattened reniform shape and are about 3 to 
4 mm. long. Tike other solanaceous seeds they have a coiled 
embryo and oily endosperm. African chillies' are very ster- 
nutatory and have an intensely pungent taste. 

Japanese Chillies are about 3 to 4 cm. long. They are usually 
free from pedicels and calices and have a bright red pericarp. 
The taste is rather less pungent than the African drug. 

Bombay Capsicums are ascribed to C. annuum Tinn.- A 
typical fruit is shown in Fig. 201, 7. The pericarp is thicker 
and tougher than in the chillies, and the pedicel is frequently 
bent. 

Natal Capsicums are larger than the Bombay variety and 
have a very bright red, transparent pericarp. Bombay and 
Natal capsicums are much less pungent than chillies. 

Microscopical Characters. — The microscopical structures of 
chillies and capsicums are compared in Fig. 202. In the 
transverse sections of the pericarps, Aj and A2, it will be noted 
that there is a coUenchymatous hypoderma in the C. annuum 
only, while in the sections of the dissepiments, Di and D2, the 
cuticle is seen to be forced up by the secretion of capsaicin. 
The dissepiment is the most pungent part of the fruit. 

The distinguishing characters of the epidermis and hypo- 
derma of the different varieties are summarised by Wallis * as 
follows : — 


C. minimum. 

Thick and straight- 
walled rectangular 
cells with few 
pits ; often ar- 
ranged in groups 
of five to seven in 
a row and with a 
uniformly striated 
cuticle. Size of 
cells, 25/i to 60/U. 
in either direction. 


Japanese Chillies. 

Cells with strongly- 
thickened walls and 
a radiated lumen. 
The pits only rarely 
penetrate the whole 
thickness of the wall. 
No visible striation. 
Size of cells, 30/a to 
So/A long and 15/t to 
45 /t wide. 


C. annuum. 

Irregular polygonal cells 
with evenly thickened 
walls, traversed by 
numerous, well- 
marked, simple pits. 
The cuticle shows 
striated ridges. Size 
of cells, 6o/t to loo/t 
long and 25/1 to 50/4 
wide. 


Wallis, P.J., 1902, July 5, 4. 
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C. minimum. 

Japanese Chillies. 

C. annuum. 

f Delicate thin- walled 
ce cellulose cells. 

a 

0 J 

0 

ft 

A single layer of regu- 
lar polygonal cells 
with. cuticularised 

fairly thick walls, 
traversed by numer- 
ous pits, which give 
them a beaded ap- 
pearance. 

Several layers of cuticu- 
larised, collenchyma- 
tous cells, having a 
rounded outline and 
very few pits. 


Constituents. — ^In 1876 Thresli extracted the drug with 
petroleum, treated the extract with aqueous alkali, and by 
passing carbon dioxide through the alkaline liquid precipitated 
crystals of an intensely pungent compound, capsaicin. As 
may be inferred from the method of preparation, capsaicin is 
of phenolic nature. It was synthesised by Nelson and Dawson 
in 1923 and has the following formula : — 

CH,.q 

HO<^ ^'CH2.NH.C0.[CHJ..CH : CH.CH(CHs,)a 
Capsaicin. 

The pungency is not destroyed by treatment with alkalis 
(distinction from gingerol), but is destroyed by oxidation with 
potassium dichromate or permanganate. 

ChilHes contain about 0-14 per cent, of capsaicin, red 
colouring matter, and fixed oil. They yield about 20 to 25 per 
cent, of alcoholic extract capsicin and about 5 per cent, 
(ofiicial limit 7 per cent.) of ash. Hungarian capsicums are a 
convenient source of ascorbic acid. 

XJses. — Capsicums are used as a condiment under the name 
of Cayenne pepper. The drug is given internally in atonic 
dyspepsia and flatulence. It is used externally as a counter- 
irritant, in the form of ointment, plaster, medicated wool, etc., 
for the relief of rheumatism, lumbago, etc. 

Family SCROPITOIARIACE^ 

The Scrophulariaceae comprises 205 genera and about 2,600 
species, of which about 30 per cent, are annual herbs and about 
64 per cent, perennial herbs and undershrubs. The following 
subfamilies and genera may be mentioned : — • 

Subfamily Pseudosolanoideae, e.g, V erhascum. Five stamens 
are often present and there is a marked affinity to the 
Solanacese, 
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Subfamily Antirrhinoideae, e.g. Calceolaria, Antirrhinum, and 
Scvophularia. Tbe posterior stamen is absent or barren. 

Subfamily Rhinaiithoideae, e.g. Digitalis and a number of 
hemiparasites. 

The members of the Scrophulariacese differ from those of 
the Solanacese in that they have the carpels placed in an 
anterior-posterior plane, in the aestivation of the corolla, and 
in not possessing bicollateral bundles. The flowers are usually 
zygomorphic and the stamens reduced to four. 

Anatomical characters worthy of note are : the glandular 
hairs in which the head is divided by vertical walls only, and 
the stomata which are surrounded by three or more epidermal 
cells. Calcium oxalate is relatively rare ; when present, it 
occurs in small solitary crystals. 

The genus Digitalis comprises about 25 species, of which 
D. purpurea and D. lanata are of considerable therapeutic 
importance. Other species of Digitalis are known which have 
a similar medicinal action. The dried rhizome of Picrorhiza 
Kurroa, a Himalayan plant, is used in India as a bitter tonic 
and was official in the 1914 Pharmacopoeia. It is seldom, if 
ever, used in Britain. 

DIGITALIS FOLIA 

Digitalis Folium, B.P. ; Digitalis Leaves, Purple Foxglove 
Leaves ; F. Feuilles de Digit ale Pourpree (de Grande 
Digitale) ; G. Purpurrother Fingerhut, Fingerhuthldtter 

Source. — ^The official drug consists of the dried leaves of 
Digitalis purpurea Linn., rapidly dried at a temperature of 
from 55° to 60° as soon as possible after collection. The 
leaves are collected from wild or cultivated plants, and either 
first or second year leaves may be used as they appear to he 
of similar activity. 

Plant. — The foxglove is a biennial or perennial herb, which 
is very common in England and Europe (except in the Mediter- 
ranean region), and is naturalised in North America. In the 
first year the plant forms a rosette of leaves and in the second 
year an aerial stem about i to 1*5 metres in height. The 
inflorescence is a raceme of bell-shaped flowers of the floral 
formula K(5), C(5), A4 didynamous, G(2). The common wild 
form of the plant has a purple corolla about 4 cm. long, the 
ventral side of which is whitish but bears deep purple eyespots 
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on its inner surface. Many varieties, however, exist under 
cultivation. The fruit is a bilocular capsule which contains 
numerous seeds attached to axile placentse. 

Cultivation, Collection and Preparation. — ^Digitalis may be 
readily grown from seed. In the wild state it is usually found 



Fig. 203. — Digitalis -purfurea showing leaves, flowers, and fruits (Sutcliffe). 

in semi-shady positions. It grows well in sandy soil provided 
that a certain amount of manganese is present, this element 
being apparently essential and always to be found in the ash. 
Sunshine favours the production of the glycosides and at night 
they appear to be partially hydrolysed. The leaves should 
therefore be collected in the afternoon when they have been 
38 
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illuminated for some liours.* After collection and rapid 
drying at from 55° to 60°, tlie leaves should be stored in con- 
tainers whicli do not allow access of moisture. Stabilisation 
by means of alcohol vapour has been recommended. 

History. — ^Foxglove leaves appear to have been used exter- 
nally by the Welsh Physicians of Myddvai/' but the plant 
had no name in Greek or batin until named digitalis by Fuchs 
(1542). The poisonous nature of the leaves was well known, 
and the drug was recommended by Parkinson in 1640, and it 
was introduced into the bondon Pharmacopoeia of 1650. 

Macroscopical Characters. — ^Digitalis leaves are usually f 
ovate-lanceolate to broadly ovate in shape, petiolate, and 
about 10 to 30 cm. long and 4 to 10 cm. wide. The dried 
leaves are of a dark greyish-green colour. The lamina is 
decurrent at the base. The margin is crenate or dentate and 
most of the teeth show a large water pore (Fig. 204, D). Both 
surfaces are hairy, particularly the lower, and a fringe of fine 
hairs is found on the margin. The veins are depressed on the 
upper surface, but very prominent on the lower. The main 
veins leave the midrib at an acute angle, afterwards branching 
and anastomosing repeatedly. The drug has no marked odour, 
but a distinctly bitter taste. 

Microscopical Characters . — K transverse section through the 
midrib of a foxglove leaf shows that it has a normal structure 
and that it is free from sclerenchymatous fibres, although 
strengthened by collenchyma. Stomata and hairs are present 
on both surfaces, but are more numerous on the lower one. 
The mesophyll is differentiated into palisade and spongy 
parenchyma, both of which are free from calcium oxalate. 

Surface preparations show that the upper epidermis con- 
sists of polygonal, relatively straight-walled cells, and bears 
both clothing and glandular hairs. The cells of the lower 
epidermis are wavy and the stomata and hairs much more 
numerous than on the upper surface of the leaf. The stomata 
are small and slightly raised above the surrounding cells. The 
clothing hairs are uniseriate, 2 to 7 celled, bluntly pointed and 
finely warty. The glandular hairs have a unicellular, or 
occasionally uniseriate, pedicel which bears a unicellular gland. 
The cuticle of the hairs and epidermal cells may be stained red 

* See Dafert, Biedermann's Zentr., 1921, 50 , 422, abstracted in /. Soc. 
Chem. Ind., 1921, 40 , 902 a. 

t Leaves of abnormal shape are sometimes seen, also leaves of very 
large size. One of the latter at present before the author measures 55 cm. 
in length and 19 cm. in breadth. 
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witli a solution of Soudan red in glycerin. For powder, see 

p. 101. 

Constituents. — d!^lie isolation of tlie active principles of 
Digitalis 'purpurea lias provided an interesting but extremely 
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difl&ctilt field of research for more than a century. Among the 
earher workers may be mentioned Paucquy (1820), heroyer 
(1824), Homolle (1844), Kosmann (1844, i860), Walz (1846 to 
1858), ISTativelle (1868), Bchmiedeberg (1874), and Kiliani 
(1890 to i8gi). The glycosides to which digitalis owes its 
medicinal action form no definite compounds with chemical 
reagents and their purification is therefore difficult. 

The voluminous literature on the chemistry of digitalis has 
been much confused by the application of names such as 
digitalin '' to impure substances isolated by different workers 
and also to the fact that the seeds, which formed the material 
of many investigations, contain different constituents from 
the leaves. The chief constituents of the leaves and seeds are 
as follows : — 

Leaves. — ^Digitoxin (Digitaline crystallisee, Trench Codex) 
0*2 to 0*3 per cent., gitoxin, and gitalin. 

Seeds. — ^Digitalin (Digitahnum verum), gitalin, digitonin (a 
saponin), and gitonin. 

According to Merz * the chemistry of the glycosides of 
D, purpurea may be summarised as follows : — 


^4 64^13 

-b 

bHjO 

C23H34O4 

-h 

3 ^ 6 D^ 12^4 

Digitoxin 



Digitoxigenin 

Digitoxose 

G41U54O34 

+ 

3H,0 

— ^23^346)5 

+ 

3 C 6 H ,204 

Gitoxin 

(Bigitalin) 



Gitoxigenin 


Digitoxose 

^ 35 ^^ 56^12 

+ 

2H2O 

— CgsHseGg 

-1- 

2^6^^126)4 

Gitalin 



Gitaligenin 


Digitoxose 

^3 6 ^^ 56^14 

+ 

2H2O 

= C23H34O5 

+ 

C7H14O3 

Digitalinum 

vermn 



— 2H2O 


Digitalose 


Y 

^23^306^3 

Digitaligenin 


CeH,,Oe 

Glucose 


Differences of opinion have existed as to whether these 
glycosides are initially present in the plant or whether they are 
degradation products of more complex compounds. Stoll and 
Kreis (1933), by inhibiting enzyme action, • failed to obtain 
digitoxin but isolated a new glycoside, desacetyldigilanid, 

* Pharm. Ztg. Berl., 1933. 78 , 246 ; abstracted in Y. B. Pharm., 1933, 
258. See also Smith, J.C.S., 1930, 508. 
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having a still stronger action on the heart. On hydrolysis, 
which may be brought about by an enzyme present in the 
powdered leaves, it yields glucose and digitoxin. 

Constituents of D. lanata. — ^The leaves of D. lanata normally 
contain four glycosides, namely, lanadigin and lanata glyco- 
sides II, III, and IV. According to Merz (1933), if enzyme 
action is excluded three glycosides called digilanid A, B, and 
C are obtained. Bach of these is derived from a diferent 
genin and digitoxose (3 mols.), glucose (i mol.), and i acetyl 
group. Digilanid A is closely related to the initial glycoside 
of D. purpurea mentioned above and both may be converted 
into digitoxin by specific enzymes (digilanidase and digipur- 
pidase) found in the leaves of the respective species. The 
changes may be represented : — 


C 49 B[ 7 gO 


19 




Digilanidase 


^4311660 14 


CgHi20g 


Digilanid A 


Acetyldigitoxin Glucose 


— CH3COOH 
+H2O 

C47II74O18 


Digipurpidase 

H2O 


— CH3COOH 
^4ilie40i3 C^gHigOg 


Desacetyldigilanid 
(D. purpurea glycoside) 


Digitoxin. Glucose 


For further details on the Digitalis glycosides, the published 
lectures of Stoll may be consulted.* 

Keller’s Keaction. — ^The following colour reaction is given by 
digitoxin and by digitoxose but not by digitoxigenin. The 
substance is dissolved in glacial acetic acid containing a drop 
of ferric chloride solution and sulphuric acid is carefully added 
to form a layer below the acetic acid. A brownish-green band 
is first formed, after which the acetic acid layer becomes 
greenish-blue and then indigo-blue, while the sulphuric acid 
becomes brownish-red. A similar colour reaction is given by 
^“Strophanthin, 

Allied Drugs. — Digitalis lanata, the constituents of which 
have been mentioned above, is a plant about i metre high 
found in Central Europe. During the last few years the drug 
has attracted considerable interest and an increasing demand 
will no doubt lead to its widespread cultivation. The leaves 
are linear-lanceolate to oblong-lanceolate in shape, up to 
about 27 cm. long and 4 cm. broad, pubescent on the upper 

* Stoll, The Cardiac Glycosides, i937» 51—76. 
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part but glabrous below. The apex is acuminate, the veins 
are curved, and the margin is entire or slightly wavy. The 
vein islet numbers may be used to distinguish D. lanata and 
D. purj)urea from certain other species, but not from one 
another. See p. 153. 

Digitalis lutea is a yellow foxglove about 0-5 metre high. 
It is indigenous to southern Europe, but is cultivated in 
Britain and in the U.S.A. The leaves are about 15 cm. long 
and 2*5 cm. broad, sessile or amplexicaul, and much less hairy 
than D. purpurea. From the latter they are easily distin- 
guished microscopically by the paucity of non-glandular hairs, 
the almost complete absence of glandular hairs with unicellular 
heads, and by the fact that the number of water pores on the 
marginal teeth varies from i to 4 pores on each tooth. *** 

Digitalis Thapsi is found in Spain and Italy. The leaves 
have a crenate margin and decurrent lamina. The leaves are 
characterised by the absence of non-glandular hairs, the 
striated cuticle of the epidermal cells, and the presence of 
pericyclic fibres and small prisms of calcium oxalate, f The 
vein islet number is another useful distinguishing character 
(see above). 

Adulterants. — ^The characters described above, particularly 
the margin, venation, and trichomes are sufficient to distin- 
guish the official leaves from all the adulterants which have 
been recorded. For example, mullein leaves {Verbascum 
Thapsus) are densely covered with branched, woolly hairs and 
have the margin shown in Fig. 204, E. Other possible adulter- 
ants are the leaves of comfrey, elecampane, and primrose. 

Uses. — Digitalis preparations are mainly used for their 
action on cardiac muscle. 


Order PLANTAGINALES 

Family PLANTAUINACEiE 

The Plantaginaceae includes 203 species, of which 200 belong 
to the genus Plantago (plantain). 

* For further detaUs see Dewar, Y. B. JPharm., 1934, 
t For further details see Dewar, Y. B. Pharm., 1933, 443. 
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PLANTAGINIS SEMEN 
PSYLLIUM and ISPAGHULA 

Sources. — The dried, ripe seeds of Plantago Psyllium, P, 
arenaria and P, ovata are used in medicine. The U.S. National 
Formulary includes all three species under the name Plantaginis 
Semen. In the British Pharmaceutical Codex the seeds of the 
first two species are included as Psyllium B.P.C., whilst those 
of P. ovata form Ispaghula B.P.C., the name under which they 
were official in the B.P. 1914. 

The seeds of P. Psyllium and P. arenaria are known in 
commerce as Spanish or French psylhum, whilst those of 
P. ovata are known as blonde psyUium, ispaghula, spogel seeds 
or Indian plantago seeds. 

Characters. — Some of the more important characters of 
these seeds are as follows * : — 



P. Psyllium, 

P. arenaria. 

P. ovata. 

Colour 

Glossy ; deep brown. 

Dull ; blackish-brown. 

Dull ; pinkish grey- 
brown. 

Shape 

Boat-shaped ; outline 

Boat-shaped ; outline 

Boat-shaped ; outline 

Length 

elongated ovate. 

elliptical. 

ovate. 

2*0— 3*0 mm. 

2-0— 2*5 mm. 

I •8—3*3 nam. 

of 100 

seeds 

0-09— o- 10 G. 

0*12— 0-14 G, 

0-15— 0*19 G. 


Constituents. — ^All the seeds contain mucilage in the epi- 
dermis of the testa. The seeds may be evaluated by measuring 
the volume of mucilage produced in 24 hours from i G. of 
seeds. This is termed the swelling factor, and in the samples 
examined by Skyrme and Wallis was 12-75 for P. Psyllium 
(i sample), 14*50 for P. arenaria (i sample), and 10-25—13*50 
for P. ovata (7 samples). The seeds also contain fixed oil and 
protein. 

Uses. — ^Plantago seeds are used as demulcents and in the 
treatment of chronic constipation. Ispaghula husk (Ispaghulae 
Testa, B.P.C.) is used for similar purposes but has a higher 
swelling factor (about 90). 

* For further details and microscopy, see Skyrme and Wallis, Y.B, Pharm,, 
1936, 19S ; also Skyrme, Y.B. Pharm., 1935, i and 161. 
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Order RUBIALES 

The remaining orders, namely the Rubiales and Campanu- 
lales, comprise families in which the ovary is inferior. The 
Rubiales includes the families Rubiaceae, Caprifoliaceae, and 
Valerianacese. Of these the members of the Rubiaceae and 
Caprifoliaceae are mainly woody and the Valerianaceae herba- 
ceous. The flowers are typically regular in the Rubiaceae, 
regular or medianly zygomorphic in the Caprifoliaceae, while 
in the Valerianaceae the flower is markedly zygomorphic and 
there is reduction in the number of stamens and fertile loculi. 


Family RUBIACE^ 

The Rubiaceae is very closely allied to the Caprifoliaceae. 
It includes 380 genera and about 4,600 species, most of which 
are tropical trees and shrubs. The following subfamilies and 
genera may be noted : — 

Subfamily Cinchonoideae. — Carpels typically with numerous 
ovules, e.g. Cinchona (about 40 species) and Uncaria, 
Subfamily Coffeoideae. — Carpels with a solitary ovule, e.g. 
Coffea * (28 species), Cephaelis, and the British species of 
Ruhia (madder), Asperula (woodruff), and Galium (bed- 
straws, cross wort, cleavers, etc.). 


CINCHONAE CORTEX 

Cinchona, B.P., Cortex Chinee, Cinchonce Rtihrce Cortex ; 
Cinchona Barks, Red Cinchona Bark ; F. Rcorces de 
Quinquinas ; G. Chinarinde, Rothe Chinarinde 

Source. — ^The official drug is the dried bark of cultivated 
trees of Cinchona Calisaya Weddell, Cinchona Ledgeriana 
Moens, Cinchona officinalis Finn., Cinchona succiruhra Pavon, 
and of hybrids of either of the last two species with either of 
the first two."' The official alkaloids may be obtained from 

* See p. 405. 
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any suitable bark. Cinchona rohusta Howard is mentioned in 
the Pharmacopoeia as a suitable source of Totaqnina.* 

The Cinchonas are indigenous to the Andes (Colombia, 
Equador, Peru, and Bolivia), where they grow at a height of 
about 4,000 to 7,000 feet. The natural distribution of some 
of the more important species is as follows : — 

(i) Colombia. — C. lancifolia Mutis. 

(ii) Equador. — C. officinalis Einn. 

(hi) Peru. — C. officinalis Einn., C. succiriibra Pav., C. 
micrantha R. et P. 

(iv) Bolivia. — C. Calisaya Wedd. and C. Ledgeriana Moens.f 

At the present time some 90 per cent, of the world's supply 
of cinchona is produced by the Butch, mainly in western Java. 
A considerable quantity is also produced in India (Himalayas 
near Barjeehng and in the Neilgherry Hills, etc.), whilst 
smaller quantities are obtained from Ceylon, South America 
(where the trees are now cultivated), Jamaica, Tanganyika, 
etc. 

History. — ^The natives of South America do not appear to 
have been acquainted with the medicinal properties of cinchona 
bark, the bitter taste of which inspired them with fear. 
Although Peru was discovered in 1513 the bark was first used 
for the cure of fevers about 1630. In 1638 the corregidor of 
Eoxa, who had himself been cured by the bark eight years 
earher, sent some of the drug to the physician of the viceroy 
of Peru, whose wife, the Countess of Chinchon, was at that 
time suffering from fever. On her recovery she caused the 
bark to be distributed to other patients. The remedy, which 
became known as '' Pulvo de la Condesa," acquired a con- 
siderable reputation and was known in Spain in 1639. The 
further distribution of the bark was largely due to the Jesuit 
priests, and the drug became known as Jesuit's Powder or 

* I am indebted to Mr. T. E. Wallis for the following information on tMs 
bark : “ Cinchona rohusta is not a definite species of Cinchona. It is a bybrid 
between C. officinalis and C. succiruhra or, as some say, between C. officinalis 
and C. Calisaya. It comes partly from Java and also from India and Ceylon. 
It has also been grown in Tanganyika. In characters it is intermediate 
between officinalis and succiruhra ; it show^ externally a wrinkling somewhat 
resembling that on succiruhra, but more irregular and with numerous small 
warty points. In colour it is more like C. officinalis and on some pieces there 
are numerous transverse cracks intermediate in form between those of 
succiruhra and officinalis. C. rohusta contains more cinchonidine than 
quinine and about 5 to 27 per cent, of cinchotannic acid.^' 

■f Sometimes regarded as a variety of Calisaya, sometimes as a hybrid 
between C. Calisaya and C, micrantha. 
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Peruvian Powder. It first appeared in the London Pharma- 
copoeia in 1677 under the name of Cortex Peruanus. 

Until 1737 the trees yielding the drug were unknown to 
science, but in that year the astronomer Condamine, who 
visited Loxa to measure a degree of the earth's surface at 
the Equator, obtained specimens of the tree now known as 
C. officinalis. Jussieu, the botanist of the same expedition, 
discovered a second species, C. pubescens, in 1739. Other 
species were discovered and described by Mutis (1760), Ruiz 
and Pavon (1778 to 1788), and Weddell (1845 to 1848). 

The bark was originally obtained by felling the wild trees, 
and as none were replanted the trees were exterminated in 
many districts. Ruiz (1792) and Royle (1839) suggested the 
cultivation of Cinchonas in other parts of the world. Weddell 
germinated seeds in Paris in 1848 and the plants were intro- 
duced into Algiers in the following year but without much 
success. A further attempt by the Dutch was made in 1854, 
seeds and plants being obtained from Peru by Hasskarl and 
introduced into J ava. An English expedition under Markham 
in i860 led to the introduction of C. succiruhra, the most 
hardy species, C. Calisaya, and C. mioraniha into India. 
Seeds of C. Lcdgeriana were obtained in Bolivia by Charles 
Ledger in 1865 and were bought by the Dutch for their 
Javanese plantations. Ledger bark is particularly rich in 
quinine and is grown in India as well as in Java. The wide 
use of other cinchona alkaloids, however, compensates for the 
relatively low quinine content of species such as C. succirubra. 

Cultivation, Collection, and Preparation. — ^The cultivation of 
Cinchonas is one which presents a number of difficulties. 
Attention must, of course, be paid to climate and to elevation. 
In addition, hybridisation takes places very readily, and 
although some of the hybrids are commercially valuable others 
are almost worthless. An enormous amount of research has 
been done on the subject, particularly by the Dutch.* 

Uprooting System. — The following method is the one now 
mainly used : The plants are raised from seed and when of 
suitable size are planted out a few feet apart, the distance 
varying somewhat according to the species. At the end of 
six or seven years the plantation is thinned out by uprooting 
certain of the trees and collecting the bark from both their 
* The following notes are mainly derived from Chinin in der Allgemein- 
praxis.hy F. Johannessohn, Amsterdam (1930). Some idea of the extensive 
literature on quinine may be gathered from the fact that this book gives no 
less than 652 references to papers on quinine and 157 to those on quinidine. 
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stems and roots. Kvery year a furtlier thinning takes place, 
until after fifteen to twenty-five years only about 25 per cent, 
of the original trees are left. All are then uprooted. 

The procedure is as follows : After removing the branches, 
the stem is cut off about 1-5 metres from the ground, and the 
stump dug out. After the roots have been cleaned and 
separated the bark is removed by means of a bone knife, iron 
being avoided owing to its effect on the tannin in the bark. 
The stem and branch bark is easily separated after cutting and 
loosening by tapping. This work is mostly done by women. 

The finest quills, Druggists" bark,"" usually have a quinine 
content of about 1*8 to 2 per cent, and their value depends to 
a considerable extent on their appearance and on the amount 
of secondary alkaloids and tannins which they contain. They 
are usually cut into standard lengths and packed in cases. 
The factory bark,"" is often broken and compressed, and is 
valued on the quinine content, which averages about 6 per cent. 

Coppicing System. — ^This system is now said to be used only 
on the smaller plantations. When the trees are about seven 
or eight years old they are cut down and stripped for bark. 
Adventitious shoots arise from the stool and form a thick bush. 
When these have attained a suitable size they are cut and 
yield fine druggists" quills "" of bark. After some years the 
tree is dug up and the very rich root bark also obtained. 

Other Systems. — ^The following systems are now mainly of 
historical interest. Cinchona cultivation in India owes much 
to Macivor, who in 1863 introduced the mossing system to 
replace the wasteful system of felling previously used.* 
Strips of bark about 4 cm. wide were removed and the wound 
covered with moss. After an interval to allow for the forma- 
tion of new bark further strips were removed from the portions 
of trunk left untouched by the previous collection. Subse- 
quently the strips of renewed "" bark, having a high alkaloidal 
content, were also removed. This procedure and a similar 
one in which only a portion of the bark was shaved off {shaving 
system ) , although improvements on the felling system, were too 
expensive to compete with the uprooting system, which -as 
mentioned above is the one now usually adopted. 

General Characters. — A. Stem Bark . — The commercial "^drug- 
gists" quills "" are up to 30 cm. in length and usually 2 to 6 mm. 
thick. Bark for manufacturing purposes is frequently in 

* Macivor, A letter on the Cultivation of Chinchona on the Nilgiris (1876), 
The plant named C. Macivoriana is a hybrid closely resembling C. robusta. 



Fig. 205 . — Cinchona succirubra. A, transverse section of bark ; B, longi- 
tudinal section through latex tubes ; C, fibre, i, cork ; 2, calcium 

oxalate ; 3, latex tube ; 4, primary phloem ; 5, fibre of secondary 

phloem; 6, medullary ray. (After Tschirch-Oesterle, 
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small curved pieces. The outer surface frequently bears moss 
or lichen. The cork may or may not be longitudinally 
wrinkled and usually bears longitudinal and transverse cracks, 
which vary in frequency and distinctness in the different 



Fig. 206. — Bark of Cinchona succirut>ra (Newman). 


varieties. The inner surface is striated and varies in colour 
from yellowish-brown to deep reddish-brown. The fracture 
is short in the outer part but somewhat fibrous in the 
inner part. Odour, slight ; taste, bitter and astringent. 

The bark gives the thalleioquin test (see Y.B. Pharm. 1938), 
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a reaction for piilobatannins, and if moistened with a drop 
of acid shows a bright blue fluorescence in ultra-violet light. 

B. Root Bark , — Root bark occurs in channelled, often 
twisted pieces about 2 to 7 cm. long. Both surfaces are of 
similar colour, the outer, however, being somewhat scaly, 
whilst the inner surface is striated. Root bark also responds 
to the chemical tests mentioned above. 

Microscopical Characters . 
— Cinchona barks have the 
general microscopical 
structure shown in Rig. 
205. The cork cells are 
thin-walled and more or 
less reddish in colour. In 
the cortex are idioblasts 
containing microcrystals 
of calcium oxalate, secre- 
tion cells which in old 
barks are almost devoid of 
contents, whilst the re- 
maining cortical cells 
contain amorphous, red- 
dish-brown matter or small 
starch grains . The phloem 
consists of sieve tissue, 
phloem parenchyma, and 
isolated bast fibres. The 
latter, which are often 
arranged in irregular, 
radial rows, difler in size 
and distribution in the 
different species (see 
below). The root bark 
contains sclereids. For 
powder, see p. iii. 

Special Characters. — In 
view of the number of hy- 
brids which are cultivated, 
the distinction of the vari- 
ous commercial cinchona 
barks is a matter of some difficulty, a fact which is 
appreciated by examiners who may be rehed upon to provide 
typical specimens for identification. Students are, however. 



Fig. 207. — Bark- of Cinchona Calisaya 
(Newman). 
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Fig. 208. — Bark of Cinchona Ledgeriana chona officinalis (New- 

(Newman). man). 

urged to examine as many different samples as possible of 
eacb variety of bark since all are not equally typical. Tbe 
following notes on four important species have been made as 
concise as possible to facilitate comparison : — 


C. Ledgeriana^ 
Fig. 208. 


C. officinalis, 
Fig. 209. 


C. succirubra. 
Fig. 206. 


C. Calisaya, 
Fig. 207- 


Frequently 20 to 
40 mm. in dia- 
meter, and 2 to 
6 mm. thick. 

Well marked longi- 
tudinal wrinkles, 
relatively few 
transverse cracks. 
Some pieces, but 
by no means all, 
show reddish 
warts. 

Powder reddish- 
brown. 


12 to 25 mm. or 
more in diameter, 
and 2 to 5 mm. 
thick. 

Broad longitudinal 
fissures ; trans- 
verse cracks about 
6 to 12 mm. apart. 


Powder cinnamon- 
brown. 


Similar to Calisaya. 


Similar to Calisaya, 
but cracks more 
numerous and less 
deep. Some pieces 
show longitudinal 
wrinkles and red- 
dish warts. 

Powder cinnamon- 
brown. 


Up to 12 mm. in 
diameter, and 
1*5 mm. thick. 

Transverse cracks 
very numerous, 
often less than 
6 mm. apart. 


Powder yellowish. 
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Confirmation may be obtained by microscopical examina- 
tion, measurements being made of tlie secretion tubes and 
bast fibres.* 



Secretion X uhes. 1 

Bast Fibres. 


Radial 

Measurement. 

Tangential 

Measurement.\ 

Radial 

Measurement. 

Tangential 

Measurement. 

Length, 

C. succirubra . . 
C. Calisaya . . 
C. Ledgeriana 

C. officinalis . . 

74 -xi 5 /i 

40~86/x 

43-8 

100-365/X 
47 - 1 37 iu- 
75-1 2 S/x 
42/z, 

SO-ioSfi 

2 I- 95 /X 

30-75/x 

30-75/z 

30-65/x 

20-85^ 

40-75/x 

3 o- 65 At 

352 -i 47 oyu 

372-1060/X 
485-850/x 
480— 890/U, 


Constituents. — The most important constituents of cinchona 
are the crystalline alkaloids quinine (Pelletier and Caventou, 
1820), quinidine (Henry and Delondre, 1833), cinchonidine, 
and cinchonine.! A large number of alkaloids of lesser 
importance have been isolated. Some of these, e.g. quinicine 
and cinchonicine, are amorphous. The amount of alkaloids 
present and their ratios to one another vary considerably in 
the different species and hybrids and also according to the 
environment of the tree and the age and method of collection 
of the bark. The official drug is required to contain not less 
than 6 per cent, of total alkaloids, of which not less than one- 
half consists of quinine and cinchonidine. T37pical analyses 
of important barks are as follows : — 



C. succirubra. 

C. Calisaya. 

C. Ledgeriana. 

C. officinalis. 

C. robusta. 


per cent. 

per cent. 

per cent. 

per cent. 

per cent. 

Quinine 

0-82— 1*37 

0 - 0 - 4-0 

4-13 

1 -74-7-5 2 

1-09-7-72 

Cinchonidine 

3-20-5-13 

0-0-2-0 

0 - 0 - 3-4 

0-0-3-13 

2-63-8-46 

Cinchonine 

1-76-2*46 

0-3— 2-0 

0 - 0 -I -5 

1 


Amorphous 




K 0 . 15 - 2-44 

0-43-5-58 

Alkaloids 

0-27-1-87 

— 

0-2— 2-0 

1 


Quinidine . . 

none 

0 - 0 - 3-0 

none J 

0-0-0-28 

none 


The alkaloids appear to be present in the parenchymatous 
tissues of the bark in combination with quinic acid and 
cinchotannic acid. Quinic acid, C7H12O6, is present to the 
extent of 5 to 8 per cent. Cinchotannic acid is a phlobatanniii 

* The following figures refer to stem barks only. For details of root 
barks and the stem barks of other species and hybrids, see Tschirch's 
Handbuch der Pharmakognosie. 

f For an account of the chemistry of these alkaloids see Bentley and 
Driver's Text Book of Pharmaceutical Chemistry, pp. 520 to 522. 

J 0*1 to o-S per cent, in the root bark. 
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and a considerable amount of its decomposition product, 
cinchona red/’ is also found in the bark. Other constituents 
are quinovin ” (up to 2 per cent.), which is of glycosidal 
nature, a small amount of quinovic acid, CaoH^gOg, starch, and 
calcium oxalate. 

Chemical Tests. — Students should carry out the official tests 
for identity of quinine sulphate and quinidine sulphate. The 
colour reaction using bromine and ammonia is known as the 
thalleioquin test. The fact that quinine and cinchonidine 
form sparingly soluble tartrates is made use of in the 
official assay of the bark. The following summary may be 
found useful : — 


Quinine. Quinidine. Cinchonine. Cinchonidine. 


Formula 
Form . . 

Acid solution. . 
Thalleioquin test 
Solubility in ether 
Fetation of alcoholic 
solution 


620^24^^ 2^ 2 
Hydrated crystals 
Fluorescent 
Positive 

Readily Sparingly 


^ 19 ^ 220^2 

Anhydrous crystals 
N on-flu ores c ent 
Negative 

Almost insol. Sparingly 


-|_ve -1-ve 


Allied Drugs. — ^The barks of certain species of Remijia 
(Rubiacese) contain alkaloids. The bark of R. pedunculata 
was formerly used for the preparation of quinine, but it is now 
unobtainable- It also contains cupreine, an alkaloid which 
responds to the thalleioquin test and by methylation forms 
quinine. False cuprea bark [R. Purdiena) contains no 
quinine but an alkaloid cusconidine and small proportions of 
cinchonine and cinchonamine. 

Uses. — Galenicals of cinchona are used as bitter tonics and 
stomachics. On account of the astringent action a decoction 
and acid infusion are sometimes used in gargles. Quinine and 
totaquine are widely employed, particularly for malaria. For 
details, see the British Pharmaceutical Codex. 


IPECACUANHiE RADIX 

Ipecacuanha^ B.P. ; Ipecacuanha Root, Rio, Brazilian, or 
Johore Ipecacuanha ; F. Ipecacuanha Annellee, Racine 
Bresilienne ; G. Ruhrwurzel, Brechwurzel 
Source. — ^Ipecacuanha is the dried root of Cephaelis Ipeca- 
cuanha (Brot) A. Rich. {Psychotria Ipecacuanha Stokes, Uragoga 
39 
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Ipecacuanha Baillon), a shrub 20 to 40 cm. in height. The 
plant is found over a large area in Brazil, particularly in the 
moist and shady forests of Matto Grosso and Minas Geraes. 
It is successfully cultivated in the State of Selangor, near 
Singapore. Collection has also been attempted in India, J ava, 
China, and Tanganyika. 

History. — What appears to have been ipecacuanha was 
mentioned, under the name of Igpecaya, by a Portuguese friar 
about 1600. The drug was introduced into Burope in 1672. 

Collection and Preparation.— Weddell observed the collection 
of the drug about 1849. His description is abstracted in the 
Pharmacographia in the following words : — 

“ The ipecacuanha plant, Poaya of the Brazilians, grows in valleys, 
yet prefers spots which are rather too much raised to he inundated or 
swampy. Here it is found imder the thick shade of ancient trees 
growing mostly in clumps. In collecting the root, the pDayero,"^ for 
so the collector of poaya is called, grasps in one handful if he can, all 
the stems of a clump, pushing under it obliquely into the soil a pointed 
stick to which he gives a see-saw motion. A lump of earth enclosing 
the roots is thus raised ; and, if the operation has been well performed, 
those of the whole clump are got up almost unbroken. The poayero 
shakes off adhering soil, places the roots in a large bag which he carries 
with him, and goes on to seek other clumps. A good collector may 
thus get as much as 30 lb. of roots in a day ; but generally a daily 
gathering does not exceed 10 or 12 lb., and there are many who scarcely 
get 6 or 8 lb. In the rainy season, the ground being Hghter, the roots 
are removed more easily than in dry weather. The poayeros, who work 
in a sort of partnership, assemble in the evening, unite their gatherings, 
which, having been weighed, are spread out do dry. Rapid drying is 
advantageous ; the root is therefore exposed to sunshine as much as 
possible, and if the weather is favourable, it becomes dry in two or three 
days. But it has always to be placed under cover at night on account 
of the dew. When quite dry, it is broken into fragments, and shaken 
in a sieve in order to separate adherent sand and earth, and finally it 
is packed in bales for transport. 

The harvest goes on all the year round, but is relaxed a little 
during the rains, on account of the difficulty of drying the produce. 
As fragments of the root grow most readily, complete extirpation of 
the plant in any one locality does not seem probable. The more 
intelHgent poayeros of Matto Grosso are indeed wise enough intention- 
ally to leave small bits of root in the place whence a clurnp has been 
dug, and even to close over the opening in the soil."' 

Much of the drug passes down the Parana and Paraguay 
Rivers and is exported from Montevideo, but some is also 
exported from Rio de Janeiro, Bahia, and Pernambuco. 

* TscMrch, Handbuch der Pharmakognosie, III, i, 686, Fig. 176, shows 
poayeros at work. 




Fig, 210. — Ipecacuanha. A, rhizome and root of Rio ipecacuanha ; B, trans- 
verse section of the rhizome ; C, transverse section of the root ; B, Carta- 
gena ipecacuanha ; E, starch of official ipecacuanha ; F, portion of a 
transverse section of the same, i, rhizome ; 2, root ; 3, hark ; 4, cam- 
bium ; 5, wood ; 6, pith ; j, calcium oxalate ; 8, phloem. (A to C 
after Tschirch ; E and F after Gilg.) 
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Ipecacuanlia was introduced into India in 1866, but the 
best results have been obtained in the Malay States, the drug 
from which is known as Johore ipecacuanha. 

Macroscopical Characters. — The underground portion consists 
of thin, horizontal rhizomes from the lower surface of which 
roots are given off. Some of the latter remain thin, whilst 
others develop an abnormally thick bark and become 
annulated- It is almost impossible to collect the roots without 
a certain amount of these subterranean stems or rhizomes, 
and the Pharmacopoeia permits the use of a drug containing 
not more than 5 per cent, of stems. 

The drug occurs in tortuous pieces up to 15 cm. in length 
and 6 mm. in diameter, but it is usually smaller. The colour 
of the outer surface varies from a deep brick-red to a very 
dark brown, the colour being very largely dependent on the 
type of soil in which the plant has been grown. Most of the 
roots are more or less annulated externally, and some have a 
portion of the rhizome attached (Fig. 210, A), while separate 
portions of rhizome and non-annulated roots are also found. 
Speaking generally, the drug of present-day commerce is less 
markedly annulated than was formerly the case, a fact which 
points to earlier collection. The ridges are rounded and com- 
pletely encircle the root ; here and there the bark has 
completely separated from the wood (Fig. 210, A, 5). 

The root breaks with a short fracture and shows a thick, 
greyish bark and a small, dense wood, but no pith. The 
rhizomes, on the other hand, have a much thinner bark and a 
definite pith (Fig. 210, B). The drug has little odour, but 
is irritating and sternutatory when in fine powder, and has a 
bitter taste. 

Microscopical Characters . — A transverse section of the root 
shows a thin, brown cork, the cells of which contain brown, 
granular material. B elow this is an exceptionally wide secondary 
cortex, the cells of which are parenchymatous and contain 
starch, usually in compound grains with from two to eight 
components, or raphides of calcium oxalate. The bast ring 
contains no sderenchymatous cells or fibres. The wood con- 
sists of substitute fibres (containing starch), fibres, tracheids, 
and small tracheidal vessels (without starch). For powder, 
see p. 109. 

The stems have sderenchymatous cells in the pericycle and 
spiral vessels in the protoxylem. Those which have been 
exposed to light contain chlorophyll. 
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Allied Drug. — Cartagena ipecacuanha (Fig. 210 , D) is exported 
from Cartagena and Savanilla. Together with Rio ipeca- 
cuanha it is ofhcial in the U.S. Pharmacopoeia. There is much 
in favour of Humboldt’s view that the differences between the 
Rio and Cartagena plants are merely due to geographical 
variation. The Cartagena plant is, however, frequently 
regarded as a distinct species, Cephmlis {Uragoga) acuminata 
Karsten (J7. granatensis Barllon). The main differences 
between the two drugs are tabulated below : — 

Rio Ipecacuanha. Cartagena Ipecacuanha. 

Usual diameter i to 4 mm. 4 to 6*5 mm. 

Colour . . Brick-red to brown Greyish-brown 

Annulations . . Very crowded Less crowded and less pro- 

jecting 

Starch . . . . Compound grains up to 24/x Compound grains up to 35^t 

Ipecacuanha stems, although containing the same alkaloids 
as the roots, usually contain them in smaller proportion. An 
excessive amount of stem must, therefore, be regarded as an 
adulteration. 

Adulterants. — ^At one time other ipecacuanhas '' were 
regularly imported, the name being applied in South America 
to a number of different roots which were reputed to have 
emetic properties. Most of these are very easily distinguished 
from the genuine drug and are now rarely imported. As none 
of the following contain emetine the following brief notes and 
a test for emetine are amply suiffcient to distinguish them 
from the official drug. 

Remarks. 


Bark often violet ; very 
starchy ; wood porous, 
containing vessels ; 
rap hides very numerous. 

Violet, starchy bark ; 
porous wood. 

Longitudinally striated ; 
bark violet ; starch 
absent ; wood non- 
porous. 

Bark very thin ; wood 
porous ; starch absent. 

Structure monocotyle- 
donous. 


Name. 


Undulated Ipecacuanha 


Lesser Striated Ipeca- 
cuanha 

Greater Striated Ipeca- 
cuanha 


White Ipecacuanha . - 
East Indian Root 


Source. 


Richardsonia scahra 
(Rubiaceae). 


Manettia ignita 
(Rubiaceae). 
Psychotria emetica 
(Rubiaceae). 


lonidium Ipecacuanha 
(Violaceae) 

Cryptocoryna spiralis 
(Araceae), 
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Test for Emetine. — ^Mix 0-5 C. of the powdered drug with 
20 ml, of hydrochloric acid and 5 ml. of water ; filter, and to 
2 ml. of the filtrate add o*oi G. of potassium chlorate. If 
emetine is present a yellow colour appears, which, on standing 
for about one hour, gradually changes to red. 

Constituents. — ^Ipecacuanha contains the alkaloids emetine 
(Pelletier and Magendie, 1817), cephaeline (Paul and 
Cownley, 1894), psychotrine, psychotrine methyl ether, and 
emetamine. The drug also contains a crystalline glycoside 
(ipecacuanhin) , ipecacuanhic acid (see p. 673), starch, and 
calcium oxalate. 

Typical analyses are as follows : — 



Total 

Emetine, 

Cephaeline, 

Ash, 


pey cent. 

. per cent. 

per cent. 

pef cent. 

Rio (Matto Grosso) 

2-73 

1-98 

0*50 

3*34 

Rio (Bahia) 

2*19 

1-36 

0-63 

3-21 

Johore 

Rhizome . . 

2-45 

i*8o 

1-46 

i*i8 

0-62 

0*59 

2*93 

Cartagena 

2*75 

1-47 

i '39 

6-02 


The British Pharmacopoeia requires the drug to contain 
not less than 2 per cent, of total alkaloids, calculated as 
emetine, of which not less than two-thirds consists of non- 
phenolic alkaloids. As may be seen from the following scheme, 
the alkaloids are closely related to one another, and emetine 
and psychotrine methylether are non-phenolic : — 


Cephaeline 

CaaHagOaN'a.OH 

Psychotrine 

% CjsHasOaNj.OCH, 




C28H,,03N-,.0CH3 



PJmetine 


Psychotrine 

methylether 


Kmetine, which is the alkaloid usually required in medicine, 
may thus be prepared by methylating the cephaeline originally 
present in the drug. 



RUBIACE^ 


615 


Uses. — ^Ipecacuanha is used as an expectorant and emetic 
and in the treatment of amoebic dysentery. Kmetine has a 
more expectorant and less emetic action than cephaeline, a 
fact which accounts for the exclusion of the Cartagena drug 
from the British Pharmacopoeia. In the treatment of amoebic 
dysentery emetine hydrochloride is frequently given by 
injection, and emetine and bismuth iodide by mouth. 



Fig. 21 1. — Gambier Factory, Singapore. (Frora Kew Gardens Collection). 


CATECHU 

Catechu, B.P. ; Pale Catechu, Gambir, Gambier ; F. Cachou 
Clair, Gambir Cuhique ; G. Gelbes Katechu, Gambir- 
Katechu 

Source. — Gambir or pale catechu is a dried, aqueous extract 
prepared from the leaves and young twigs of a cHmbing shrub, 
Uncaria gambier (Hunter) Roxb. It must be carefully dis- 
tinguished from black catechu or cutch (see p. 620). The 
plant is a native of Malaya, and it is largely cultivated for the 
production of the drug in the Dutch Fast Indies ( J ava, 
Sumatra, and Borneo) and in the Straits Settlements (Johore 
and Pahang). It is no longer cultivated in Singapore. 
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History. — CDlie catechu described by Barbosa (1514) was 
black catechu or cutch, and the first account of gambir appears 
to be that of a Dutch trader in 1780. In addition to the cube 
gambir used in pharmacy, large blocks of the extract are 
imported for use in dyeing and tanning. Several other forms 
are used in the East for chewing with betel leaf. 

Collection and Preparation. — The preparation of catechu 
in J ohore has recently been described by Roebuck, * and differs 
only slightly from the procedure adopted in the Dutch East 
Indies. The industry is in the hands of the Chinese or natives. 
The shrubs are grown from seed either as a separate crop or 
as a catch '' crop with rubber or derris. The plants are 
arranged about 10 feet apart, and when about 6 feet high, i.e. 
in about two years, the young leafy twigs about 50 cm. long 
are cut ofi. Cutting is practised about every 4 or 6 months, 

and well-cared-for plants 
will produce a satisfactory 
crop for ten years or more. 
The leaves and twigs are car- 
ried to a palm - thatched 
factory '' and any old 
woody portions rejected, 
whilst the leaves and young 
twigs are thrown into a large 
pan which is about three- 
quarters full of boiling water. 
The pan observed by Roe- 
buck had an iron bottom, 
but in the Dutch Indies both 
cast iron and copper pans are 
said to be used. The pan is 
heated by a wood fire and is 
fitted with a deep wooden 
rim (Fig. 213) . The material 
is boiled for three hours and 



Fig. 212. — ^Leaves and twigs of 
XJncaria gambier (Sutclifie). 


is frequently stirred and 
bruised with long, four- 
pronged wooden forks (Fig. 


* Roebuck, Malayan Gambir, P.J., 1936, Jan., 68. We are indebted 
to Mr. T. Roebuck, Ph.C., for specimens of the leaves and twigs of Uncaria 
gamhier, shown in Fig. 212, samples of the drug, and for the photographs 
reproduced in Figs. 213 and 214 ; also for a copy of a Dutch article describing 
the preparation of the drug in the Dutch East Indies. For an earlier account 
of catechu manufacture, see the Pharmacographia P.J., 1892, June, 1003- 



RUBIACEJE 


617 


214). The marc is then lifted with three-pronged wooden 
forks to a large trough made from a hollowed-out tree 
trunk and is pressed and washed, the washings running into 
the pan. The liquid is then evaporated for about two and a 
half hours, when it becomes yellowish-green and somewhat 
pasty.* The liquid is transferred to small wooden tubs, and 
crystallisation is induced by cooling in water and stirring with 



Fig. 213. — Interior of catechu “ factory ” in Johore (Foebuck). 


a cylindrical piece of wood, the surface of which is kept free 
from crystals by rubbing with the fingers. After about ten 
minutes the product becomes pasty and is poured into matting, 
kerosene tins, or shallow trays. 

In the Dutch Bast Indies the wooden sides of the tray are 
fastened by pins to a slightly larger table covered with coarse 

* The above details apply more particularly to the Chinese workers. 
The natives of the Dutch East Indies often pack the leaves in nets, boil and 
steam them, press in a primitive press made from a split tree trunk, to which 
pressure is applied by driving in wedges and thus obtain a concentrated 
extract which requires no evaporation. The partly exhausted marc is again 
boiled and pressed, and the liquid obtained used for boiling and steaming the 
next net full of leaves. 
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clotli, wHch. forms the base of the tray. The sides are divided 
by saw cuts on their surface. The moist catechu mass is poured 
in and some of the water filters through the cloth. When 
sufficiently hard, the sides are removed and the mass cut into 
cubes by means of a string along the marks made by the saw 
cuts. The cubes are finally dried for about a fortnight in the 
sun. 



Fig. 214. — ^Material and apparatus used in the manufacture of catechu in 

Johore (Roebuck). 


Many difierent forms of catechu are used in the East, and 
the drug for the Eastern market frequently has from 20 to 
60 per cent, of fine rice husks added as the liquid coagulates 
in the tubs. Such catechu is, of course, unofficial, as it 
contains abundant starch. 

Macroscopical Characters. — Catechu occurs in cubes, which 
are very friable and may be broken in transit or, if incom- 
pletely dried, may be more or less agglutinated. The Pharma- 
copoeia describes the colour of the external surface as greyish- 
brown to dark reddish-brown and the edges of the cubes as 
measuring about 25 mm. Of the samples in our possession 
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those from the Dutch Bast Indies measure 17 to 22 mm. and 
have a reddish-brown surface, often stamped with a maker's 
mark, whilst those from Johore measure 24 to 29 mm., have a 
blackish exterior and the faces of the cube are depressed. 
Internally, both varieties are cinnamon-brown and porous. 
Odourless ; taste, very astringent and at first somewhat 
bitter, afterwards sweetish. 

Microscopical Characters. — ^When mounted in water, catechu 
shows minute, acicular crystals of catechin, many of which are 
branched and interlacing. They dissolve on warming and a 
considerable amount of vegetable debris is left. The latter 
may be examined by treating the powder with successive 
quantities of cold water or alcohol, and mounting portions of 
the residual debris in chloral iodine, chloral hydrate, and 
phloroglucinol and hydrochloric acid. The microscopical 
investigation of catechu and the leaves and twigs from which 
it is prepared appears to require further investigation.* The 
leaves, particularly the stipules, bear simple, unicellular hairs 
up to about 350^ in length, with smooth, moderately thick, 
lignified walls. The twigs have lignified pericyclic fibres, 
wood fibres, and spiral, annular and pitted vessels. Minute 
starch grains are commonly present, particularly in the Dutch 
drug, but the amount is strictly limited by the official descrip- 
tion. Rice husks have been observed in some samples, but 
whether they are found in few or many commercial samples 
still requires to be settled. Any observations on this point 
would be welcomed. I 

Chemical Tests. — (i) For Gamhir -Fluor escin. Bxtract a little 
of the powdered drug with alcohol and filter. To the filtrate 
add solution of sodium hydroxide. After shaking, add a few 
millilitres of light petroleum, shake again, and allow to stand. 
The petroleum spirit layer shows a strong green fluorescence. 

(ii) For Chlorophyll. Gently warm a little powdered 
gambir with chloroform, shake, and filter. If the extract 
contains sufficient chlorophyll a green colour is developed, 
but with many samples the test is inconclusive. 

(hi) For Catechin. See p. 673. This is a modification of the 
usual test for lignin. Phloroglucinol is formed from catechin, 
and with hydrochloric acid turns the match-stick red. 

* One of my former students, Mr. H. G. Thompson, Ph.C., commenced 
this investigation, but has not yet been able to complete it. The following 
notes are mainly based on his work. 

t Rice husks are figured in Greenish’s Food and Drugs, p. 350. 
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Constituents. — Gambir contains about 7 to 20 per cent, of 
cateciiins, 33 to 47 per cent, of cateciiutannic acid, catechu 
red, quercitin, and gambir-fluorescin. It should not lose more 
than 10 per cent, of its weight on drying, but samples have 
occasionally been found containing as much as 20 per cent, of 
water. If of good quality the water-insoluble matter should 
not exceed 25 per cent. Ash i*6 to 5-3 per cent. 

Catechin forms white, acicular crystals of the formula 
CisHi^Oe, 4H2O. Catechutannic acid is an amorphous phloba- 
tannin which appears to be formed from catechin by loss of the 
elements of water. It readily yields the phlobaphene, catechu- 
red. If the drug is carefully prepared it will contain a high 
proportion of catechin and correspondingly smaller amounts 
of catechutannic acid and catechu-red. 

Allied Drug . — Cutch or Black Catechu is an extract prepared 
from the heartwood of Acacia Catechu (Fam. lyeguminosae) . 
The trees are felled and the heartwood is cut into chips and 
boiled with water. The decoction is strained and evaporated 
in iron vessels to a thick syrup. This is poured on leaves or 
paper and allowed to solidify. It is then broken up and 
exported. 

Cutch occurs in black, somewhat porous masses. The 
taste resembles that of gambir. Microscopical examination 
of the water-insoluble residue shows wood fibres and large 
vessels, and sometimes fragments derived from the leaves on 
which the drug is spread. 

Cutch contains from 2 to 12 per cent, of catechins, 25 to 
33 per cent- of phlobatannin, 20 to 30 per cent, of gummy 
matter, quercitrin, quercitin, moisture, etc. It yields from 
2 to 3 per cent, of ash. The catechin (acacatechin) is not 
identical with that found in gambir. 

The drug may be distinguished from gambir by the fact 
that it gives no reaction for chlorophyll or for gambir- 
fiuorescin. 

Uses. — Gambir is used in medicine as an astringent. Most 
of the gambir imported, and practically the whole of the 
cutch, are used in dyeing and tanning. 


Family CAPRIFOLIACEiE 

The Caprifoliacese comprises ii genera and about 340 
species. Of the British members may be mentioned Sambucus 
nigra and Viburnum Opulus (guelder rose), which have regular 
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flowers, and species of Lonicera (honeysuckle), which have 
zygomorphic ones. The occurrence of valerianic acid in 
various species of Samhucus and Viburnum is of interest in 
view of the close relationship between this family and the 
Valerianaceae. 

Sambncus, — Elder Flowers. — The drug consists of the fresh 
or dried corollas and stamens of Samhucus nigra. The flowers 
are white, about 3 mm. in diameter and have the formula 
^(5)^ -^5 epipetalous, G( 3 ). A few hours after collection 
the corollas become loosened and are separated by sifting. 
They have a characteristic odour due to a small amount of 
volatile oil, and a slightly bitter taste. They are used for 
making elder-flower ointment. The bark and leaves, the latter 
containing a cyanogenetic glycoside (sambunigrin), an alkaloid 
and a purgative resin, are also used in medicine. 


VIBURNI PRUNIFOLII CORTEX 

Viburnum ; Black Haw Bark ; F. £corce d'Aub Spine Noire ; 

G. Amerikanische Schneeballenrinde 

Source. — ^Black haw is the bark of Viburnum pr unifolium, a 
shrub or tree about 8 metres in height, which is found in the 
eastern and central U.S.A. Most of the drug is collected in 
western North CaroHna. 

Characters. — Root bark is said to be most active, but the 
commercial drug is usually a mixture of the bark from the 
root, stem, and branches. The root bark frequently bears 
small roots, whilst the stem bark may be identified by the 
presence of lenticels. 

The bark occurs in curved pieces or quills about 2 to 6 cm. 
long, I to 3 cm. wide, and i to 3 mm. thick. The outer surface 
is greyish-brown to reddish-brown, longitudinally wrinkled or, 
in old barks, fissured and scaly. The inner surface is reddish- 
brown and striated. Odour, slightly valerianaceous ; taste, 
bitter and astringent. 

Microscopical examination shows numerous groups of 
sclerenchymatous cells, but no fibres. Rosette crystals of 
calcium oxalate are abundant. 

Constituents. — ^Viburnum contains viburnin (a resin-like, 
bitter principle), tannin, and organic acids (valerianic, malic, 
and oxalic). 
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Uses. — ^Viburnum has been used for asthma, dysmenorrhoea, 
and as a uterine sedative. Clinical reports are not very 
favourable and the drug is no longer official. 

Family VALERIANACE^ 

The Valerianaceae includes lo genera and about 350 species, 
most of which are herbs. The British species comprise a 
number of species of Valeriana and Valerianella, whose flowers 
have three stamens, and Centranthus ruber (red valerian) , whose 
flowers have only one stamen. 


VALERIANS RHIZOMA 

Valeriana, B.P., V aleriance Radix; Valerian Rhizome, 
Valerian Root ; F. Racine de Valeriane ; O. Baldrian- 
wurzel, Katzenwurzel 

Source. — ^Valerian consists of the dried rhizome and roots of 
Valeriana officinalis, a iDerennial plant about i to 2 metres 
in height. It is obtained from wild and cultivated plants in 
England, Holland, Belgium, France, Germany, and Japan. 
It is also cultivated in the IJ.S.A. In England both the var. 
mikanii and the var. samhucifolia appear to be cultivated, 
whilst the Continental drug is mainly obtained from the var. 
samhucifolia and a var. laiifolia Vahl (F. excels a Poir). 

Valerian root of excellent quality, but concerning which 
Httle is known, is now being imported from the U.S.S.R. 

The two varieties of V aleriana officinalis found in Britain 
may be distinguished by the following characters : — 


Var. sambucifoUa Mikanii fll. 


Found in damp copses and by the 
sides of streams. 

Cats not attracted. 

Usually five or six pairs of leaflets. 
Leaflets relatively broad and serrated 
on both margins. 


Var. mikanii Syme. 


Found on stifl slatey or calcareous 
soils. 

Cats strongly attracted and scratch 
up the roots. 

Six to ten pairs of leaflets. 

Leaflets longer and narrower and 
usually serrated on the posterior 
margin only. 


Cultivation, Collection, and Preparation. — Both of the English 
varieties of the plant are common in Derbyshire and are 
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cultivated to a limited extent in that county and in other 
parts of Bngland. The plants are not grown from seed, the 
ground being stocked by collecting wild ]3lants. In subsequent 
years, when the old plants are dug up, the young plants develop- 
ing on the stolons (Fig. 215) may be replanted. The plants are 
grown on well-manured land and, since they require plenty of 
moisture, are often grown near streams. As the dowering 
stems appear they are cut off to avoid exhaustion of the 
rhizome. In September or early October the tops are cut ofi 
with a scythe and the rhizomes dug up. The washing and 
drying processes, as described by Upsher Smith,* are as 
follows : — 

'' A stout plank was placed across the stream and a large wooden 
box was secured on one side of it by means of two strong stakes driven 
into the bed of the stream. The box was perforated with holes and 
partially filled with the rhizomes, to which damp earth freely adhered 
owing to the wet season. The water flowed through the box, the depth 
being about 2 feet to 2|- feet, and the cleansing was facilitated by 
stirring the rhizomes with a rake. 

The final operation consisted in drying the wet rhizomes. For 
this purpose a large shed was fl.oored about 6 feet from the ground, 
the flooring being well perforated, and then strewn with the rhizomes. 
In the room beneath a large coke stove was set going, and the heating 
continued imtil the drying process was complete." 

History. — ^The word Valeriana is first met with in writings 
of the ninth and tenth centuries. The drug is mentioned in 
Anglo-Saxon works of the eleventh century and was much 
esteemed not only for its medicinal properties but as a spice 
and perfume. Spikenard ointment, which was used by the 
Romans and has long been used in the Hast, was prepared 
from the young shoots of the valerianaceous plant, Nardstachys 
jatamansi. 

Macro scopical Characters. — The drug consists of yellowish- 
brown rhizomes, stolons, and roots. The rhizomes are erect, 
2 to 4 cm. in length, and i to 2*5 cm. wide, and may be entire 
or sliced. The roots, which are up to 10 cm. in length and 
2 mm. in diameter, are more or less matted and broken. In 
some samples of the drug they almost completely envelop the 
rhizome, whilst in others they are mainly separated from it. 
The drug breaks with a short and horny fracture and is whitish 
or yellowish internally. The fresh drug is odourless, but it 
rapidly develops its characteristic valerianaceous odour on 
drying. The taste is camphoraceous and slightly bitter, 
upsher Smith, P./., 1904, 701. 
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Microscopical Characters . — A transverse section of the 
rhizome shows a thin periderm, a large parenchymatous cortex 
which is rich in starch, and an endodermis containing globules 
of volatile oh. Within a ring of collateral vascular bundles 



Fig, 215. — Valeriana officinalis. A, rootstock witli two stolons; B, longi- 
tudinal section of rldzome ; C, transverse section of stolon ; D, trans- 
verse section of young root, i, bark; 2, wood; 3, pith. (A after 
Tschirch and Oesterle, B to D after Gilg.) 
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lies a large pith containing scattered groups of sclerenchymatous 
cells- 

A transverse section of a root shows an epidermis bearing 
papillae and root hairs, and an exodermis containing globules 
of oil. The cortex and pith, the latter well developed in old 
roots, contain starch. The starch is present mainly in com- 
pound grains with two to four components, measuring 3 to 
2,0 [X in diameter. 

Constituents. — ^Valerian yields about 0*5 to i-o per cent, of 
volatile oil. This contains esters (bornyl ^'sovalerianate, bomyl 
acetate, bornyl formate), alcohols, terpenes, and a sesquiter- 
pene. The development of the odour on drying is due to the 
hydrolysis of the esters and the production of free ^sovalerianic 
acid. The presence of the alkaloids chatinine and valerine, 
reported by Chevalier (1907), has been confirmed by Goris 
and Vischniac (1921) . Chevalier also found a glycoside and resin. 

Allied Drugs . — Indian valerian consists of the dried rhizomes 
and roots of Valeriana Wallichii, The drug, vrhich was official 
in the 1914 Pharmacopoeia, is collected in the Himalayas. 
The rhizomes are dark brown in colour, about 5 cm. long and 
6 to 10 mm. in diameter. Indian valerian yields 0’3 to 
1*0 per cent, of volatile oil, which contains esters of iso- 
valerianic and formic acids.* 

Japanese valerian or kesso is obtained from Valeriana 
angustifolia. It 3delds as much as 8 per cent, of volatile 
oil, which is, however, not identical with the oil from the 
Kuropean drug. 

Uses. — ^Valerian is used as a carminative and antispasmodic 
in hysteria, shell-shock, and other nervous disorders. 

Order CAMPANULALES 

The order Campanulales includes the Campanulacese and 
Compositae. In these families the anthers are in contact with 
one another or are fused so as to form a tube into which the 
pollen is shed. The fiowers are hermaphrodite, or unisexual, 
by suppression. 


Family CAMPANULACEiE 

The family consists of 61 genera and about 1,500 species, 
mainly annual or perennial herbs or undershrubs. The most 
important of the three subfamilies are : 

* See Bullock, P.J., 1925, Aug. i, 122; Y. B. Pharm,, 1926, 493. 
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Subfamily Campanxiloideae. Flowers regular, generally with 
free anthers, e,g. Campanula. 

Subfamily Lobelioideae. Flowers zygomorpliic, anthers 
syngenesious, e.g. Lobelia. 

Among the anatomical characters of the family may be 
mentioned the presence of latex vessels and inulin, which 
indicate relationship with the Compositse. The marginal teeth 
of the leaves frequently bear water pores. Calcium oxalate 
and glandular hairs are absent. 


LOBELIi®: HERBA 

Lobelia, B.P. ; Lobelia Herb, Indian Tobacco ; F. Lobelia 
Enflee ; G. Lobeliakraut 

Source. — ^Lobelia consists of the dried aerial parts of Lobelia 
inflat a, an annual herb indigenous to the eastern U.S.A. and 
Canada. It is cultivated in the States of New York, Massa- 
chusetts, and Michigan. 

History. — ^Fobelia has long been used by the North American 
Indians. It was recommended for use in asthma by Cutler in 
1813 and was introduced to the English medical profession by 
Reece in 1829. 

Cultivation and Collection. — ^Fobelia is grown from seed which 
is sown either in the autumn or in March and April. The 
plant produces an aerial stem about 50 cm. in height. It 
bears alternate leaves 3 to 8 cm. in length and pale blue, 
bilabiate flowers. The inferior ovary develops into an inflated 
capsule. The plants are cut in August or September, when 
they bear numerous capsules. After drying, the drug is 
exported in bales or compressed packets. The seeds are 
sometimes separated by thrashing. 

Macroscopical Characters. — A considerable proportion 
(officially not more than 60 per cent.) of the drug consists of 
stems. These are green or purplish, winged, and very hairy 
in the upper part, but becoming more rounded and channelled 
and less hairy below. The pale green leaves are usually more 
or less broken and are covered with bristly hairs. Entire 
leaves are ovate to ovate-lanceolate in shape. The margin is 
irregularly serrate-dentate and the teeth bear water pores 
(Fig. 216, H). The flowers are rarely seen in the drug. The 
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fruits (Fig. 216, D and E) are 5 to 8 mm. in length, ribbed, and 
crowned by the calyx teeth. Each is bilocular and contains 
nnmerous oval-oblong, brown, reticulated seeds about 0*5 to 
0-7 mm. in length. The drug has a slightly irritating odour 
and an acrid taste. 
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Microscopical Characters. — The more important anatomical 
features of lobelia are indicated in Fig. 217. The hairs found 
on the leaves and stems are unicellular, conical, warty- walled, 
and about iq^ooil long. The leaves show a papillose upper 
epidermis, marginal vrater pores, and a mesophyll containing 
small drops of oil. 

A transverse section of the stem (Fig. 217, K) shows a well- 
marked endodermis and pericycle and latex vessels in the 
phloem. The surface of the seed (Fig. 216, F) consists of 
lignified, somewhat elongated polygonal cells. Characteristic 
pollen grains 17 to 25/x in diameter (Fig. 217, D) and fragments 
of the dowers may also be found. For further details, see 
powder, p. 105. 

Constituents. — ^Tobelia contains about 0*25 per cent, of 
crystalline alkaloids. The most important of these is lobeline, 
wHch has the formula given below. Four other alkaloids, 
which are closely related to lobeline and are named lobelidine, 
lobelanine, lobelanidine, and ^solohelanixie, have been isolated. 

CH, 

C6H5.CH(OH).CH2.Hd CH.CH^.CO.CeB:^ 

N 

I 

CH« 


The drug also contains fat, resin, inflatin,’" and “ lobelic 
acid.” It yields 8 to 12 per cent, of ash (officially not more 
than 5 per cent, of acid-insoluble ash). 

Uses. — ^Ivobeha is used in spasmodic asthma and chronic 
bronchitis. lyobeline resembles nicotine in its action on nerve 
cells. In large doses the drug may cause medullary paralysis. 


Family COMPOSITiE 

The Compositse is the largest family of dowering plants 
and comprises about 1,000 genera and 23,000 species. The 
main subdivisions of the family and drugs obtained from it 
are as follows : — 

Tubuliflorae. — ^Latex vessels are absent, but schizogenous oil 
ducts are common. Corollas of disc-dorets non-ligulate. 
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Drugs obtained from this group are : cbamomiles {Anthemis 
nohilis), German cbamomiles [Matricaria Chamomilld), insect 
flowers [Chrysanthemum drier aricef oliuni) , santonica [Artemisia 
cina), arnica flowers and rhizome [Arnica montana), calendula 
flowers [Calendula officinalis), yarrow herb [Achillea Mille- 
folium), grindelia herb [Grindelia camporum), blessed thistle 
leaves [Cnicus benedictus), coltsfoot leaves [Tussilago Farfara), 
wormwood herb [Artemisia Absinthium), pellitory or py rethrum 
root [Anacyclus Pyrethrum) , elecampane root [Inula Helenium), 
and Ngai camphor [Blumea halsamifera), 

LiguMorse. — ^hatex vessels are present and volatile oil is 
rare. All the flowers have ligulate corollas. Products ob- 
tained from this group are dandelion root [Taraxacum officinale), 
chicory root [Cichorium iniybus), and lactucarium or lettuce- 
opium [Lactuca virosa). 

Both clothing and glandular hairs are found in the Com- 
positae and, as might be expected from the size of the family, 
show considerable variety. The type of hair illustrated in 
Fig. 41, H, is, however, common. 

Inulin. — ^As previously mentioned, inulin is commonly found 
in the Compositae and Campanulacese. It is a carbohydrate 
of the formifla (CeHxoOs)^. In the fresh plant it is dissolved 
in the cell sap, but in alcohol-preserved material it will be 
found in sphsero crystalline masses. Inulin is slightly soluble in 
cold water but readily dissolves in water at about 70° without 
gelatinising. It is precipitated from aqueous solutions by 
the addition of alcohol. A solution of inulin yields no blue 
colour on the addition of solution of iodine. 

The following test for inulin and other carbohydrates 
(Molisch’s Test) may be applied to sections or powder of drugs 
such as taraxacum or inula, or to the carbohydrate isolated as 
indicated above. Mix the substance to be tested on a white 
tile with a little a-naphthol and a few drops of sulphuric acid. 
A violet colour appears. 

ANTHEMIDIS FLORES 

Chamomile Flowers, Roman Chamomiles ; F. Fleurs de 
Camomille Romaine ; G. Romische Kamillen ' 

Source. — Commercial chamomiles are the expanded flower- 
heads of Anthemis nohilis, collected from cultivated plants and 
dried. Chamomiles are cultivated in the south of England 
and in Belgium, France, and Germany. As a result of long 



COMPOSITM 


631 


cultivation most of tlie tubular florets present in the wild 
plant have become ligulate and it is these '' double or semi- 
double '' flower-heads which form the commercial drug. 

History.: — Owing to the large number of similar composite 
plants it has proved impossible to trace the drug in classical 
writings. The double variety was certainly known in the 
eighteenth century. 

Collection. — The flowers are collected in dry weather and 
carefully dried. The crop is often damaged by wet weather, 
and the discoloured flowers then obtained fetch a much lower 
price than those having a good colour. 



Fig. 2 1 8 . — cultivated Roman chamomile ; B, the same cut longitudinally ; 
C, German chamomile ; D, a ligulate floret of same ; E, a German 
chamomile cut longitudinally, i, tubular floret ; 2, ligulate floret ; 

3, palea ; 4, receptacle ; 5, bract of involucre. (B after Greenish, 

remainder after Gilg.) 

Characters. — Each dried flower-head is hemispherical and 
about X 2 to 20 mm. in diameter. The florets are of a white 
to pale buff colour, the outer ones hiding the involucre of 
bracts. A few, hermaphrodite, tubular florets are usually 
found near the apex of the solid receptacle. A transition 
between typical tubular florets and t3rpical ligulate ones is 
often seen. The ligulate florets show three teeth (or occa- 
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sionally two), the centre one being that raost developed. There 
are four principal veins. The corolla is contracted near its 
base into a tube from which a bifid style projects. The ovary 
is inferior and devoid of pappus. Each floret arises in the axil 
of a thin membranous bract or pale, which has a blunt apex. 
At the base of the receptacle is an involucre consisting of two or 
three rows of oblong bracts which have membranous margins. 

Chamomiles have a strong, aromatic odour and a bitter 
taste. 

Allied Drugs. — ^The following, although somewhat resembling 
the wild flowers of Anthemis nohilis, are easily distinguished 
from the commercial drug. 

Matricaria Chamomilla or German chamomile flowers 
(Fig. 218, C, D, and E) are small and single. The receptacle 
is hollow and devoid of palse. The drug is mainly used on the 
Continent and in the U.S.A. It contains 0-2 to 0*36 per cent, 
of volatile oil. 

Chrysanthemum Partheniiim or feverfew flowers may be single 
or double. The receptacle is flatter than that of the Roman 
chamomile and may or may not bear palae. If the latter are 
present they are acute and less membranous than those of the 
chamomile. The whole flowering tops are usually sold. 
Feverfew herb yields 0*07 to 0*4 per cent, of volatile oil. 

Constituents. — Chamomiles contain 0*6 to 1*0 per cent, of 
volatile oil, a bitter principle, anthemic acid, flavone colouring 
matters, taraxasterol, fixed oil, etc. The oil is blue when 
freshly distilled but gradually becomes greenish or yellowish 
on keeping. It contains isosojxyl, isohutyl, and other alcohols 
combined in the form of esters with angelic and tiglic acids, 
two isomeric unsaturated acids of the oleic acid series. 

Uses. — Chamomiles and the volatile oil obtained from them 
were ofl&cial in the 1914 Pharmacopoeia. Considerable quan- 
tities are used in domestic medicine in the form of an infusion 
(for dyspepsia, etc.) or poultice. 

HERBA GRINDELI^ 

Grindelia ; Gum Plant ; Tar Weed ; F. Grindelia ; 

G. Grindelie 

Source. — ^The B.P.C. drug consists of the dried leaves and 
flowering tops of Grindelia camporum, whilst the U.S. National 
Formulary admits also a drug derived from G. cuneifolia and 
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G. squarrosa. These plants grow in the south-western U.S.A. 
The tops are collected and dried in the sun. 

Characters. — -The above species are herbaceous plants with 
cyhndrical stems, sessile or amplexicaul leaves, and resinous 
flower-heads, each surrounded by an involucre of linear-lanceo- 
late bracts. Odour balsamic ; taste aromatic and bitter. 

{a) G. camporum, — Stems pinkish to yellowish. Leaves 
oblong to oblong-spathulate, up to 6 cm, long, margin 
irregularly serrate. 

(6) G. cuneifolia, — Stems pinkish to purplish-brown. Leaves 
oblong to cuneate-oblong, up to 9*8 cm. long, margin 
serrated above and entire below. 

(c) G. squarrosa. — Stems greyish-green to yellowish. Leaves 
oblong, up to 5 cm. long, margin dentate. 

Constituents and Uses. — G-rindelia contains about 21 per 
cent, of amorphous resins, fat, colouring matter and a trace 
of volatile oil. It is used in spasmodic asthma, hay fever, 
whooping cough, and bronchitis. A lotion prepared from it is 
used in the treatment of dermatitis produced by RHus toxi- 
codendron (poison ivy). 


PYRETHRI FLORES 

Flores Insectorum ; Insect Flowers, Pyrethrum Flowers, Dalmatian 
Insect Flowers ; F. Fleurs de Pyrithre {ou Chrysantheme) 
Insecticide ; G. Insektenhluten 

Source. — ^Insect flowers are the dried flower-heads of 
Chrysanthemum cineraricefolium Visiana [Pyrethrum cinerarice- 
folium Trev.), a plant about i metre high indigenous to the 
Balkans. The plant is now very widely, cultivated, being 
grown in Dalmatia, Herzegovina, Montenegro, the Dalmatian 
and Istrian Islands, Italy, Spain, France, Germany, Bngland, 
Australia, Kenya, California, and Japan. 

History. — ^The insecticidal properties of Persian or Caucasian 
insect flowers (C. roseum Weber and Moor and C. Marshallii 
Aschers) have long been known in their country of origin, but 
the use of the Dalmatian species dates from the middle of the 
last century. Persian insect flowers are now rarely seen in 
British commerce. 

Collection. — It was formerly believed that the closed flowers 
were more active than the open ones, but experiments have 
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since siiowii that tHere is little difference in activity between 
them. In Dalmatia, however, as the flowers are cut by hand 
they are divided into three grades, consisting of '' closed,’' 
'' half-closed,” and open ” flowers. The stalks are not 
devoid of insecticidal properties and are often collected 
separately. The method of drying varies in different localities, 
but in warm climates drying in the sun for two or three days 
is usual. The flowers rapidly decrease in activity if carelessly 
stored. 

Characters. — The closed flower-heads are about 6 to 9 mm. 
in diameter and the open ones about 9 to 12 mm. in diameter. 
They bear a short peduncle, which is striated longitudinally. 
The involucre consists of two or three rows of yellowish or 
greenish-yellow, lanceolate, hairy bracts. The receptacle is 
nearly flat and devoid of palse. It bears numerous, yellow 
tubular florets and a single row of cream- or straw-coloured 
ligulate florets. The ligulate corollas are 10 to 20 mm. in 
length and have about seventeen veins and three rounded 
teeth, the centre one very small (distinction from ox-eye 
daisies, C. Leucanthemum, in which the ligulate corollas have 
seven veins and three teeth, the centre one being the largest). 
The achenes are five-ribbed (achenes of Persian flowers usually 
ten-ribbed). The flowers have a slightly aromatic odour and 
a bitter, acrid taste. 

Characters of Powders. — The species specified for use by the 
U.S. Insecticide Board are C. cineraricefolium, C. roseum, and 
C. Marshallii, the powders from which show the following 
elements : parenchyma often containing aggregate crystals, 
T-shaped hairs, numerous spherical pollen grains, scleren- 
chymatous cells (particularly from Persian flowers), tracheids, 
and epidermal cells having a striated, papillose cuticle. 

Adulteration. — ^Insect powder frequently contains an exces- 
sive amount of stem and leaf. The amount of stem may be 
judged by the amount of collenchymatous tissue seen in 
powder, whilst leaf is shown by the greenish colour given to 
an ethereal extract. Many other adulterants, for example 
foreign composite flowers and inorganic matter, have been 
recorded. The quality may be judged by microscopical 
examination (including counts of typical pollen grains), by 
tests on flies, and by the amount of ash and ethereal extract. 
Samples normally yield 6 to 7 per cent, of ash and about 7*5 
to 10*5 of ethereal extract. 

Constituents. — The flowers owe their insecticidal properties 
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to two esters, pyrethrin I and pyrethrin II, wHch were 
isolated by Standinger and Rnzicka in 1924. These are present 
to the extent of about 0*2 to 0*3 per cent. The flowers also 
contain volatile oil, resin, a glycoside, and an alkaloid. 

Pyrethrin I is an ester of a ketonic alcohol, pyrethrolone, 
and an acid, chrysanthemumcarboxylic acid, CioIIi602- 
Pyrethrin II is an ester of pyrethrolone and chrysanthemum- 
dicarboxylic acid, C10H14O4. Pyrethrin I is more active 
than pyrethrin II ; the acids and ketonic alcohol derived from 
them are devoid of insecticidal properties. 

Uses. — ^Insect flowers are largely used in the form of powder, 
but sprays made from them are more efficient. Some of the 
earlier sprays rapidly decreased in activity, but suitable 
solvents have now been found. 

CALENDUL^E FLORES 

Calendula ; Calendula or Marigold Florets ; F. Fleurs de Tous 
les Mois ; G. Ringdhlumen, Goldhlumen 

Source. — Calendula consists of the dried, ligulate corollas of 
the marigold. Calendula officinalis, a plant widely cultivated 
in England and Europe. 

Characters. — ^Each ligulate corolla is about 15 to 25 mm. in 
length and orange-yellow in colour. When soaked in water 
the three teeth (occasionally fewer) and four principal veins 
are easily seen. The corolla is contracted at the base into a 
short, hairy tube in which the remains of the style and bifid 
stigma are sometimes seen. Odour, aromatic ; taste, bitter. 

Constituents. — Calendula contains traces of volatile oil, a 
bitter principle and gummy matter (“ calendulin,"’ Geiger, 
1818). 

Uses. — Calendula is now almost obsolete as a drug. It has 
been used to adulterate saffron and arnica flowers and has 
been sold as Chinese safflower or feminell. 

ARNICA FLORES 

Arnica ; Arnica Flowers ; F. Fleurs d' Arnique ; 

G. Arnikabliithen 

Source. — ^Arnica consists of the dried flower-heads or flowers 
of Arnica montana, a small, perennial herb found in alpine 
meadows in Central Europe. The drug sometimes consists of 
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the whole flower-heads, sometimes of the florets only. Several 
Continental pharmacopoeias specify the florets only since the 
receptacles often contain the larvae of Trypeta arnicivora. 

Characters. — ^The receptacle, if present, is about 8 mm. in 
diameter and is slightly convex. It bears pits, corresponding 
to the position of the flowers, in each of which is a stiff bristle 
The involucre consists of two rows of dark green, hairy, 
lanceolate bracts about i cm. in length. 

The pistillate, ligulate florets are about 3 cm. long. Each 
consists of a yellow corolla having three teeth and seven to 
twelve veins, a style and stigma, and a pubescent, dark brown 
achene 5 to 7 mm. long. The latter is pubescent and glandular 
and is surmounted by a large, white pappus consisting of very 
characteristic, barbed bristles. The disc florets resemble the 
Hgulate ones but have a tubrdar corolla and are hermaphrodite. 
When examined microscopically, numerous spiny pollen grains 
and the form of the hairs are seen. Odour, slight but agree- 
able ; taste, bitter and acrid. 

Constituents. — ^Arnica contains about 0-5 per cent, of 
volatile oil, a bitter principle (amicin), resin, colouring matter, 
and amidiol (arnisterin) . 

Uses. — A diluted tincture of arnica is used for bruises and 
sprains. 

Allied Drug. — Arnica rhizome consists of the dried rhizome 
and roots of Arnica montana. The rhizome is dark brown in 
colour, about 2 to 10 cm. long, and 2 to 6 mm. in diameter. 
It bears numerous wiry roots and cataphyllary leaves. The 
transverse section shows a yellowish bark containing oleo- 
resin ducts, a ring of wedge-shaped vascular bundles, and a 
large pith. The constituents are similar to those of the 
flowers. • About 10 per cent, of inulin is also present, but 
starch is absent. 


SANTONICA 

Flores Cince, Semen Cince, Semen Contra ; Santonica Flowers, 
Wormseed; F. Semencine, Barhotine ; G. Zitwersamen, 
Wurmsamen 

Source. — ^The wormseed usually found in [British commerce 
consists of the dried, unexpanded flower-heads of Artemisia 
cina Berg, a plant about 0*5 metre high which is very abundant 
in Turkestan. The drug is used for the extraction of santonin. 
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large quantities of which are produced at Chimkent. Santonin 
is also present in other species of Artemisia, some of which may 
become commercially important. 

History. — The drug, or one closely resembling it, was known 
to Dioscorides and was used as a vermifuge. He also mentions 
a similar plant growing in Gaul in the country of the Santones. 
The drug has been in continued use since that period, but is 
now usually replaced by its active principle santonin, which 
was discovered in 1830 by Kahler. 

Characters. — ^The drug consists of oval, yellowish or brownish 
flower-heads about 1*5 to 4 mm. in length. A few of these 
should be boiled with solution of chloral hydrate and examined 
tmder the low power of a microscope. The hower-head consists 
of an involucre of about sixteen bracts, which completely 
enclose from two to five more or less immature tubular fiorets. 
If pressure be applied to the coverslip, under which the fiower- 
head has been mounted, the florets separate from the axis and 
bracts. Their corollas and pollen sacs may be easily seen.* 
Wormseed has an aromatic odour and a bitter, camphoraceous 
taste. 

Constituents. — The chief anthelmintic constituent of the 
drug is santonin, the crystalline lactone of santoninic acid. It 
has the following structure.! 

CH3 

I CH— O— CO 

I 

CH— CH.CH, 

CHj 

CH3 

Santonin 

Santonin is extracted as follows : The flower-heads are 
treated with milk of lime and calcium santoninate is formed. 
This is converted into soluble sodium santoninate by inter- 
action with sodium hydroxide or sodium carbonate, and the 
calcium, which is precipitated by means of carbon dioxide, is 
filtered off. Sulphuric acid is added to the filtrate when 
impure santonin is precipitated. This is redissolved, de- 
colourised, and purified by recrystallisation. 

* For further details, see Wallis’s Practical Pharmacognosy , p. 37. 
t Clemo, Haworth, and Walton, 1930, mo. 
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Wormseed also contains a little volatile oil and a second, 
crystalline lactone, artemisin, closely related to santonin. 

Artemisia cina yields about 2*3 to 3-6 per cent, of santonin, 
the maximum amount, according to Ehlinger (1885), being 
present in July and August. Santonin has also been obtained 
from European species of Artemisia, Dutch plants yielding 
about 1*3 per cent, and Scotch ones about o*68 per cent, of 
santonin. Santonin is present in certain Indian species of 
Artemesia. 

Uses. — ^Wormseed has been replaced by santonin, which is 
very efficient in its action on round worms. It has less effect 
on thread worms, and none whatever on tsenia. 


INULiE RHIZOMA 

Inul^B Radix ; Elecampane or Inula Root ; Racine 
dAunee ; G. Alantwurzel 

Source. — Inula consists of the dried rhizomes and roots of 
Inula Helenium, a perennial herb about 2 metres in height which 
is commonly grown in England and on the Continent. 

Characters. — ^The drug consists of more or less obliquely- 
sliced rhizomes up to 8 cm. in length and 5 cm. in diameter, 
together with pieces of gradually tapering roots up to 13 cm. 
in length and 3 cm. in diameter. The outer surface is greyish- 
brown and longitudinally wrinkled. The drug is very hard 
and breaks with a short, horny fracture. 

The bark and wood contain oil glands which may be seen 
with the naked eye. By means of a microscope abundant fan- 
shaped masses of inulin may also be seen. Odour, aromatic ; 
taste, aromatic and bitter. 

Constituents. — ^When steam distilled, inula yields about i to 
2 per cent, of volatile oil which separates into a crystalline 
inodorous mass (alantolactone, ^'s6>alantolactone, and alantolic 
acid) and an oily liquid (alantol) having an odour of pepper- 
mint (Kallen, 1873 and 1876). When collected in the autumn 
the rhizome contains about 45 per cent, of inulin. 

Uses. — Elecampane and alantol were at one time recom- 
mended for tuberculosis and bronchitis, but the drug is now 
almost obsolete. 
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TARAXACI RADIX 

Taraxacum or Dandelion Root ; Pissenlit ; G. Lowenzahn 

Source. — Taraxacum root of tlie 1914 Pharmacopoeia was 
the fresh root of Taraxac^^m officinale, collected in the autumn. 

Characters. — The vertical rhizome and taproot pass almost 
imperceptibly into one another. They measure about 30 cm. 
in length and from 5 to 25 mm. in diameter. The outer 
surface is yellowish-brown. The fresh root is fleshy and when 
cut exudes abundant white latex. 



Fig. 219. — Taraxacum officinale . Transverse section of root showing 
concentric rings of latex vessels (Sutcliffe). 

Sections passing through the upper portion show a stem- 
like structure, namely, a relatively thin bark, a ring of wood 
bundles, and a distinct pith. A transverse section of the tap- 
root (Fig. 219), on the other hand, shows a wider bark, a small, 
yellowish, central wood, and no pith. In the bark of both 
rhizome and root are concentric zones of anastomosing latex 
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vessels, and abundant inulin-containing parencbyma. Odour, 
sHglit ; taste, bitter. 

Constituents. — '' Taraxacin and taraxacerin '' isolated in 
1839 1861 respectively, are said by Power (1912) to be 

indefinite mixtures. Power found in tlie dry root an enzyme, 
volatile oil, resin, and fatty acids. The autumn root contains 
about 25 per cent, of inulin, whilst the spring root is rich in 
sugars. 

Uses. — Taraxacum has been widely used for its supposed 
laxative and diuretic properties, but is now seldom prescribed. 
As it resembles chicory in structure, it has often been used for 
adulterating chicory or mixtures of coffee and chicory. 
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INTRODUCTION 

As in the case of the Vegetable Kingdom, animals are classified 
into Phyla, Classes, Orders, Pam^es, Genera, and Species. 
For details of zoological classification and animals such as the 
malarial parasite and the tapeworm, which are of medical 
rather than pharmaceutical interest, textbooks of zoology 
should be consulted. The following is a summary of the 
animals and animal products mentioned in this book : — 


Phylum. 

Glass. 

Order. 

Animal or Animal Product. 

Protozoa 

Rhizopoda 

Foraminifera 

Chalk (see p. 150). 

Porifera 

Calcarea 

Non-calcarea 


Calcareous sponges. 

Non-calcareous sponges, 
which often possess siliceous 
spicules (see Kieselguhr, 
p. 148, and agar, p. 182). 

Annelida 

Him din ea 

Gnathobdel- 

lida 

Leech. 

Arthropoda 

Insecta 

Coleoptera 

Hymenoptera 

Hemiptera 

Lepidoptera 

Beetle pests (see p. 69), 
Cantharides and Mylabris. 
Honey and beeswax. 
Cochineal and shellac. 

Moth pests (see p. 70) and 
silk (p. 127). 


Arachnida 

Acarida 

Mite pests (see p. 71). 

Mollusca 

Cephalopoda 

Decapoda 

Cuttlefish shell. 

Chordata 

(Vertebrata) 

Pisces 

Teleostei 

Cod-liver oil and halibut- 
liver oil. 

Mammalia 

Cetacea 

Ungulata 

Spermaceti and Ambergris. 
Lard, suet, wool (p. 125), 
wool fat, gelatin, and musk. 
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ANIMALS AND ANIMAL PRODUCTS 
HIRUDO 

Leech ; F. Sangsue ; G. Bkitegel 

Source. — ^Tlie leech usually employed in Britain is the speckled, 
green, or grey leech, Hirudo medicinalis (Phylum Annelida, 
Class Hirudinea, Order Gnathobdellida, Famity Hirudinese). 
They are usually bred in ponds on the Continent. In addition 
to the above species, Hirudo quinquestriata, the five-striped or 
Australian leech, was formerly official. In America the native 
Hirudo decora is sometimes used. 

Collection and Preservation. — ^Leeches may be collected in 
nets or by paddling. They are usually kept in jars tightly 
covered with a linen cloth. The water should be changed 
about three times a week and kept at a uniformly moderate 
temperature. A few pieces of moss or roots and some pebbles 
and sand should be added so that the animals may clean them- 
selves from the slime which tends to form on their coats. They 
need very little food, but the addition of a few pieces of Irish 
moss to the water in which they are kept has been recom- 
mended. After use leeches disgorge the blood they have 
swallowed when placed in salt water, but the use of the same 
leech for different patients has been condemned as it may be 
a means of carrying infection. 

External Characters. — ^Leeches are about 6 to lo cm. in length 
and dorsiventrally flattened. The anterior end possesses a 
cup-like hollow or sucker. In the centre of this is the mouth 
with three radiating jaws provided with chitinous serrations 
or '' teeth,'' which acting together produce a characteristic 
triradiate bite. This disc also bears ten small black groups of 
sensory papillse or ''eyes." The body shows about lOO 
annulations. The dorsal surface of H. medicinalis bears six 

644 



ANIMALS AND ANIMAL PRODUCTS 


645 


alternating longitudinal bands of greenish-grey and rusty red ; 
the ventral surface is greenish-yellow with black spots. 
H. quinquestriata has five, greenish-brown stripes on the dorsal 
surface and a greenish-yellow ventral surface without spots. 
At the posterior end of the leech is a second sucker. The 
animal is a good swimmer and moves on solid objects with a 
“ looping '' movement, attaching itself by the sucking- discs 
and alternately contracting and elongating its body. 

Uses. — ^beeches, although much less used than formerly, are 
often the least painful means of reducing inflammation. They 
should be applied to the moistened skin, and if required to 
bite a particular spot a suitable sized hole may be cut in a 
piece of blotting paper or in a pill-box. A leech draws 4 to 
8 ml. of blood, and the amount may be increased by afterwards 
fomenting. The animals may be removed from the skin by 
sprinkling them with salt. 

The salivary glands of the leech produce a substance, 
herudin,"^ which retards the coagulation of blood. Bxtracts of 
leech heads have been used in the physiological laboratory and, 
to a limited extent, in medicine. 

CANTHARIS 

Cantharides, Spanish or Russian Flies ^ Blistering Beetles ; 

F. Cantharide ; G. Kantharide 

Source. — Cantharides consists of the dried insects Cantharis 
vesicatoria Tatreille (Order Coleoptera, Family Meloidae). 
Cantharides are collected in South Russia, the Balkans, Sicily, 
and Spain. 

Collection and Preparation. — The mature insects usually make 
their appearance in May and J une, when they collect on such 
plants as the white poplar, privet, ash, and elder. In the very 
early morning, when the insects are still sluggish from the 
night air, the trees are shaken or beaten with poles and the 
insects which fall off are collected on cloths. The collectors 
protect their hands and faces. 

The insects are killed by plunging them into dilute vinegar 
or exposing them in sieves to the vapour from hot vinegar 
(the method described by Dioscorides and Pliny), or the fumes 
of ammonia, burning sulphur, carbon disulphide, or chloro- 

* According to the U .S. Dispensatory , hirudin is a commercial name for 
a preparation manufactured from leech heads. 
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form. When dead, they are dried in the sun or by artificial 
heat and packed in casks or boxes lined with paper. 

Characters. — Cantharides are 15 to 25 mm. in length and 
from 5 to 8 nun. in breadth. As with other beetles the insect 
possesses a pair of wing-cases or elytra, which protect a pair 
of transparent, membranous wings. The elytra are coppery 
green in colour and the wings brown. The chief regions of the 
insect are the head, to which is attached a pair of long antennae, 
the thorax, which bears three pairs of legs, and the abdomen, 
which is almost completely covered by the elytra when these 



Fig. 220. — A and B, Cantharis vesicatoria ; C, Mylabris cichorii ; 
D, Mylabris sidecs. (A to C after Martiny, D after Wallis.) 


are closed. Dried cantliarides have an unpleasant odour 
which is even more marked in the fresh insects. For details 
of the dissection of cantharides see Waljis’s Practical Pharma- 
cognosy. Before dissection, cantharidin should be removed by 
soaking the beetles in acetone. 

Cantharides is a drug which is particularly liable to attack 
by moths (species of Tinea) and mites. The author has 
recently examined some fifty samples, mostly from students’ 
materia medica sets, and every one was damaged to some 
extent. 
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Constituents. — Cantliarides contain 0*5 to 0*9 per cent, of a 
colourless, crystalline compound, cantharidin, C10H12O4. 
Cantharidin is the inner anhydride of a dibasic acid, cantharidic 
acid. The insects contain both cantharidin and salts of 
cantharidic acid. Cantharidin on treatment with alkalies 
forms soluble cantharidates, but solutions of the latter when 
acidified yield a precipitate of cantharidin. The insects also 
contain about 12 per cent, of fat which is associated with 
the cantharidin and cantharidates in the softer parts of the 
body. 

Cantharidin is ofiicial. Its preparation involves the 
liberation of cantharidin present in the form of salts by means 
of acid, and extraction of both cantharidin and fat by means 
of a solvent such as ethyl acetate. The solvent is recovered 
and impure cantharidin crystallises out. The fat may then 
be removed with light petroleum (in which cantharidin is only 
slightly soluble), and the crude cantharidin recrystallised 
from hot alcohol. 

Allied Drugs. — considerable number of beetles which 
possess vesicant properties are described and illustrated by 
Tschirch. Of these Chinese cantharides or Mylabris beetles 
are regularly imported. They are found in China, the Malay 
Peninsula, and India. They contain from 1*0 to 1*2 per cent, 
of cantharidin. 

Mylabris sidce Fabr. {M. phalerata Pallas) is about the same 
size as Cantharis vesicatoria, the length varying from 12 to 
30 mm. The el3d:ra are black and orange-yellow, each showing 
a large, yellow spot near the anterior end and two broad 
yellow bands. The insects are hairy and on the yellow parts 
of the elytra the hairs are black and bristly. 

Mylabris cichorii Fabr. closely resembles M. sides, but is 
usually smaller, measuring about 10 to 15 mm. in length. 
The yellow parts of the el3d;ra are somewhat brighter than 
those of M, sidce and possess yellow downy hairs. 

Uses. — Cantharidin is a very powerful irritant and is 
seldom employed internally. It is used in the form of plasters, 
blisters, cohoions, etc., as a rubefacient and vesicant, and is 
sometimes included in preparations intended to stimulate the 
growth of hair. 
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MEL 

Honey / E. Miel / O. Hofii^ 

Source. — Honey is a saccharine substance deposited by the 
hive bee, Apis mellifica Linn. (Order Hymenoptera, Family 
Apidse), and other species of Apis, in the cells of the honey- 
comb. Honey is produced in England, but the chief sources 
of supply are the West Indies, California, Chile, various parts 
of Africa, Australia, and New Zealand. 

Collection and Preparation. — ^A bee may be dissected as 
described in Wallis’s Practical Pharmacognosy, The worker 
bees, by means of a long, hollow tube formed from the maxillae 
and labium, take nectar from the flowers they visit and pass 
it through the oesophagus into the honey-sac or crop. The 
nectar, which consists largely of sucrose, is mixed with salivary 
secretion containing the enzyme invertase, and while in the 
honey-sac is hydrolysed to invert sugar (p. 27). On arrival 
at the hive the bee brings back the contents of the honey-sac 
and deposits them in a previously prepared cell of the honey- 
comb. 

The best honey is that derived from flowers such as the 
clover and heather, obtained from hives which have never 
swarmed, and separated from the cut comb either by draining 
or by means of a centrifuge. Centrifuges are now usually used 
on a large scale. The nectar of certain flowers, c.g. of species 
of Eucalyptus, may give the honey a somewhat unpleasant 
odour and taste. Honey is sometimes obtained by expression, 
but is then liable to be contaminated with the wax. 

Characters. — Honey, when freshly prepared, is a clear, 
syrupy liquid of a pale yellow or reddish-brown colour. On 
keeping it tends to crystallise and become ojpaque and granular. 
The odour and taste depend very largely on the flowers used 
in its preparation. 

Constituents. — ^Honey consists mainly of invert sugar and 
water. It contains small quantities of sucrose, dextrin, formic 
acid, volatile oil, wax, and pollen grains. Microscopical 
examination of the latter afEords valuable evidence of the 
source. The most likely adulterants are artificial invert sugar, 
sucrose, and commercial liquid glucose. The tests for purity 
of the official purified honey should be noted. The limit tests 
for chloride and sulphate are important, as starch and sucrose 
may be hydrolysed with acids to give commercial liquid 
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glucose and artificial invert sugar respectively. Artificial 
invert sugar contains furfural, which gives a red colour with 
resorcinol in hydrochloric acid. 

Uses. — ^Honey is chiefly used in pharmacy in the form of 
Honey of Borax and the oxymels. 


CERA FLAVA EX ALBA 

Yellow Beeswax, White Beeswax ; F. Cire Jaune, Cire 
■Blanche ; G. Gelbes Wachs, Weisses Wachs 

Source. — ^Beeswax is obtained by melting and purifying the 
honeycomb of Apis mellifica and other bees. The wax is 
imported from the West Indies, California, Chili, Africa, 
Madagascar, and India. 

Preparation. — ^Wax is secreted by worker bees in cells on the 
ventral surface of the last four segments of their abdomen. 
The wax passes out through pores in the chitinous plates of 
the sternum and is used, particularly by the young workers, 
to form the comb. 

Yellow beeswax is prepared, after removal of the honey, by 
melting the comb under water (residual honey dissolving in the 
water and solid impurities sinking), straining, and allowing the 
wax to solidify in suitable moulds. 

White beeswax is prepared from the above by treatment 
with charcoal, potassium permanganate, chromic acid, chlorine, 
etc., or by the slow bleaching action of Hght, air, and moisture. 
In the latter method the melted wax is allowed to fall on a 
revolving cylinder which is kept moist. Ribbon-like strips of 
wax are thus formed which are exposed on cloths to the action 
of light and air, being moistened and turned at intervals until 
the outer surface is bleached. The whole process is repeated 
at least once, and the wax finally cast into circular cakes. 

Characters. — ^Beeswax is a yellowish-brown or yellowish- 
white solid. It breaks with a granular fracture and has a 
characteristic odour. 

It is insoluble in water and sparingly soluble in cold alcohol, 
but dissolves in chloroform and in warm fixed and volatile oils 
{e.g, oil of turpentine). 

Constituents. — Beeswax is a true wax consisting of about 
8o per cent, of melissyl palmitate (myricin), C15H31.COOC3OH0X, 
with possibly a little melissyl stearate. It also contains about 
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15 per cent, of free cerotic acid, 026^53*^^^^^ and an aromatic 
substance cerolein. 

Adulterants. — ^The most likely adulterants and their methods 
of detection will be found in the Pharmacopoeia. Japan wax. 
which is there mentioned, is not a true wax but a fat and may 
be saponified by means of boiling aqueous sodium hydroxide. 
W^axes are saponified by strong alcoholic potash, but are practi- 
cally unaffected by aqueous alkali. Japan wax is prepared 
from the fruits of various species of Rhus (Fam. Anacardiacese) . 

Uses.— Beeswax is used in the preparation of plasters, 
ointments, and polishes. 


COCCUS 

Coccus, B.R., Coccus Cacti ; Cochineal; F. C 0 chenille ; 

O. Scharlachwurm 

Source. — Cochineal is the dried female insect Dactylopius 
coccus Costa (Order Hemiptera), containing eggs and larvae. 
Cochineal insects are indigenous to Central America. Com- 
mercial supplies are derived from the Canary Islands, Algiers, 
and Honduras. 

Culture and Life History. — ^Each year eggs from the previous 
crop, which are protected during the rainy season by shelters 
placed over the plants, are “ sown on the cacti (usually 
species of Nopalea) on which it is intended to breed. Both 
male and female insects emerge. The males are about i mm. 
long and possess wings, while the females are about 2 mm. 
long and without wings. After a time fecundation takes place 
and the females attach themselves to the cacti by means of 
their probosces, which are firmly embedded in the tissues of 
the plant. The males then die. The females swell to about 
twice their former size, owing to the presence of developing 
larvae, and develop red colouring matter. The larvae mature 
in about fourteen days and escape from the now dead body of 
the parent. Only a small proportion of the larvae develop into 
males. For the next fortnight the young females crawl 
about the plant and the males fly. The sequence of events 
described above is then repeated. The life cycle thus takes 
about six weeks and three to five generations of the insects 
may be produced in a season. 

Collection and Preparation. — The insects are brushed from 
the plants with small brooms and killed, a certain number 
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being left to provide for subsequent crops. Tbe first crop ot 
the season usually contains the most colouring matter. 
insects are killed by plunging in boiling water, by stove heat, 
or by exposure to the fumes of burning sulphur or charcoal. 
If heat is used the insects change to a purplish-black colour 
and are known as “black grain,” wMlst the fume-kiUed 
purplish-grey ones are known as “silver grain. bmail 
immature insects and larvse which can be separated by sieves 
are sold as “ graniHa ” or siftings. 



Fig. 221. — Cochineal insects x lo. m. mouth; a, antenna ;li, h, 

of the first, second and third pairs; w.g., wax glands. Iv.. larv®. 

(Sutcliffe.) 


Characters. — Cochineal insects are 3-5 to 5-5 mm. m length 
and somewhat oval in outUne. The convex dorsa surface 
shows about eleven segments, but there are no constrictions 
between head, thorax, and abdomen. The msect has a pair 
of seven-jointed antennae and three pairs of 
SictS^s legs (Fig. 221, 1). Ihe surface bears tubular glands 
which secrfte wax, the melting of which by heat account lor 
the difference in colour between the silver gram and black 

^^^CochS?^ should be examined microscopically as described 
in Wallis's Practical Pharmacognosy, after rernoving ;toe 
colouring matter by means of solution of ammonia. } ^ 

each insect will be found from 6o to 45° eggs and larv^ 
(Fig. 221, Iv). 
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Constituents. — Cocliineal contains about lo per cent, of 
carminic acid, a brilliant purple, water-soluble colouring 
matter, tlie exact chemical nature of which is doubtful. The 
insects also contain about lo per cent, of fat and 2 per cent, of 
wax. Carmine is a preparation of cochineal containing about 
50 per cent, of carminic acid. 

Adulteration. — The weight of cochineal may be increased by 
dressing it with inorganic matter, the colour of which is 
chosen so as to blend with the variety of insect being adul- 
terated. If genuine, no insoluble powder should separate 
when the insects are placed in water and the ash should not 
exceed 7 per cent. 

Uses. — Cochineal is employed as a colouring agent and as 
an indicator in certain titrations. 


LACCA 

Lac, Shellac ; F. Laque, Gomme Lacque ; G. Lack, Gummilack 

Source. — hac is a resinous substance prepared from a 
secretion that encrusts the bodies of a scale insect, Laccifer 
lacca Kerr {T achardia lacca R. Blanchard) (Order Hemiptera, 
Family Coccidse). Lac is produced in Burma, Assam, and 
India (particularly in Bihar and Orissa, the Central Provinces, 
and Sind). The annual production of stick lac in India is 
over 36,000 tons. The insects live on the juices of various 
trees which are grown for their use. The chief plants are 
members of the Leguminosese {Acacia spp., Butea frondosa) , 
Buphorbiaceae {Aleurites laccifer a), Moraceae {Ficus spp.), 
Dipterocarpaceae {Cajanus indicus, Shorea talura) , Rhamnaceae 
{Zizyphus jujuba) , and Sapindaceae {Schleicher a trijuga ) . 

The insects resemble cochineal in structure and life-history. 
The females are about 0*5 mm. in length and after attaching 
themselves to the bark of a tree by their probosces they lose 
their legs. Most of the host plants contain tannins, gums, 
and hydroxy-acids, and it is thought that the insect lives on 
bacteria-produced gums which it sucks from the plant tissues. 
As in the case of cochineal the insect possesses secretory 
glands which, after fecundation has taken place, secrete wax 
and resin in such quantities as to completely cover the insects 
and twigs. The bodies of the insects contain a colouring 
matter resembling carminic acid. 
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Collection and Preparation.* — ^I^ac is found most abundantly 
on the smaller branches and twigs. These are broken off and 
constitute stick lac. Usually, however, the lac is not exported 
in this form but is scraped from the twigs by means of curved 
knives. Stick lac of Bnglish commerce therefore consists of 
channelled pieces of resin containing the dead bodies of the 
insects and up to 7 mm. in thickness, or the same in small 
deep red fragments. Occasional twigs of small size may be 
enclosed in some of the pieces. The lac is usually ground in 
India and the colouring matter extracted with water or dilute 
soda solution. The solution evaporated to dryness consti- 
tutes lac dye, and the exhausted lac when dried seed lac. 
The latter is melted in a long sausage-shaped bag suspended 
over a charcoal fire and the lac squeezed out. When suffi- 
ciently cool the product is seized with hands, feet, and mouth, 
and stretched into a large sheet. The latter is broken up and 
constitutes the flake shellac of commerce, f Sometimes the lac 
is poured into circular moulds and, when sufficiently cool, 
stamped with the maker’s name. This variety is known as 
b^itton lac. Bleached shellac is a form prepared by dissolving 
lac' in hot soda solution, bleaching with chlorine or sulphurous 
acid, precipitating with acid, collecting, washing, and '' pull- 
ing ” under water into sticks. If kept under water it is 
soluble in alcohol and wood naphtha, but the solubility 
decreases on exposure. 

Characters. — ^Ulake shellac occurs in thin, very brittle, 
translucent fragments. Various grades and colours are 
employed for particular purposes. That having a brownish- 
yellow colour is known as orange shellac, and the darker, 
reddish-brown varieties are known as ruby or garnet 
shellac. 

Shellac is insoluble in water, but soluble in alcohol and in 
alkaline solutions. Petroleum extracts only the waxy portion, 
which constitutes about 5 to 6 per cent. The iodine value of 
pure shellac varies from 4 to 10, higher values usually indicating 
addition of colophony. 

Constituents, — ^Uac contains about 6 per cent, of wax, 
6*5 per cent, of the red colouring matter, laccaic acid, 70 to 

* A map of the producing districts and six photographs illustrating The 
L.ac Industry in India may be obtained from the Imperial Institute. Similar 
illustrations will be found in Tschirch's Handbuch dev Pharmakognosia. 

t At one time resin and orpiment were often added to shellac, but such 
additions are now usually regarded as adulteration. See “ Shellac in the 
B.P.C, : A Criticism/' by E. J. Parry, C. and D. 1935. 4^* 
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85 per cent- of resin, and smaller quantities of insect remains, 
vegetable debris, etc. 

About 65 per cent, of the resin is insoluble in ether, while 
the remainder dissolves in ether containing a little alcohol. 
The ether-insoluble resin yields free aleuritic acid [trihydroxy- 
palmitic acid, Ci 5H28(OH)3.COOH], and a mixture of resin 
acids, one of which is shelloic acid, C15H20O6. The resin 
appears to consist largely of the lactides of hydroxy acids . 
Uses. — Shellac is used in varnishes, polishes, sealing wax, etc. 

OS SEPI^ 

Cuttlefish Bone or Shell ; T. Os de Seche ; G. Sepie, Weisses 
Fischhein 

Source. — Cuttlefish bone is the internal shell of the cuttle, 
Sepia officinalis (Phylum Mollusca, Class Cephalopoda, Order 
Decapoda). The cuttlefish belongs to the same order as the 

squids and has ten arms 
with stalked suckers sur- 
rounding the mouth, while 
the closely related octopi 
have eight arms. These 
animals possess an ink gland 
which in the case of the 
cuttlefish is separated and 
used in making the water- 
colour sepia. The animal 
possesses an internal, cal- 
careous skeleton. After death 
these shells are often thrown 
up by the sea and may be 
collected. They are quite 
common on the shores of 
Europe and the Indian 
Ocean. 

Characters . — Cuttlefish 
shells are oblong - oval, 
biconvex, about 20 cm. 
long, 7 cm. wide, and 2 cm. 
thick. The outer surface is chitinous, but the inner part is 
friable and porous. 

Constituents. — Cuttlefish shells contain 80 to 85 per cent, 
of calcium carbonate, 10 to 15 per cent, of organic matter, 
and small quantities of calcium phosphate and sodium chloride. 
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Uses. — ^The sliells are used in considerable quantities in 
dentifrices, and Have been employed internally as an antacid. 


OLEUM MORRHUiE 

Oleum MorrhucB, B.P. ; Oleum Jecoris Aselli ; Cod-Liver Oil ; 
Nuile de Morue ; G. Lehertran , Stockfischlehertran 

Source. — ^Medicinal cod-liver oil is a fixed oil prepared from 
the fresh liver of the cod, Gadus morrhua (Order Teleostei, 
Family Gadidae), under conditions which give a palatable oil 
containing a due proportion of vitamins. Large quantities 
are prepared on the north-west coast of Norway (Lofoten 
Islands and Finmarken being the principal fishing areas), and 
smaller quantities in Newfoundland, Scotland, and Iceland. 



Fig. 223. — A typical Norwegian cod-liver oil factory : Soutliall Bros. & 
Barclay, Ltd., Balsatad, Lofoten Islands. ' 

History. — Cod-liver oil was exported from Norway during 
the Middle Ages, but it appears to have been used solely for 
technical purposes. Its introduction into medicine was 
largely due to Dr. Samuel Kay, a physician at Manchester 
Infirmary from 1752 to 1784. The original method of pre- 
paration was the rotting process,'' in which the livers were 
allowed to rot in barrels and the oil rising to the surface 
was skimmed off. The more modem “ steaming process " 
was introduced about 1850. 
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Collection and Commerce. — Off tlie lyofoten Islands enormous 
slioals of cod are found from the end of January to April, 
while at I^inmarken they do not as a rule appear until May. 
The Finmarken fishing usually closes at the end of June or 
early in July. Conditions are very favourable in Norway 
for the production of good oil since the normal temperature 
during the fishing season is — 7^" to +3° C., while the factories, 
one of which is shown in Fig. 223, are so placed that the 
fishing fleet is never out of sight. The fish are caught by 
nets or lines and usually landed about mid-day. On arrival 
the fish are opened and separated into livers, roes, heads, 
and edible flesh. The roes are frozen and exported, the heads 



Fig. 224. — Part of a battery of " cookers used in the manufacture of 
Southall’s " Ai ” cod-liver oil. The upper portion only is shown, the 
lower portion being on the floor below. 

dried and ground as fish guano, and the remainder of the 
carcase dried on poles in the open air (stockfisk) or salted and 
dried on the rocks (klipfisk). The livers are freed from the 
gall bladders and washed ready for the extraction process. 

In Newfoundland the season is June to September, when 
the livers are rather less rich in oil but have a high vitamin 
content. The fish are caught inshore and the extraction of 
the oil is commenced within an hour or two. In 1921 New- 
foundland produced about 46,000 gallons of oil, in 1926 169,000 
gallons, and in 1931 118,000 gallons. 

Extraction. — The livers used must be perfectly healthy ones, 
freed from gall bladders, and must be treated within a few 
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hours of the fish being caught. The activity of the autolytic 
enzymes of fish livers is truly remarkable. Even at tempera- 
tures approaching freezing point appreciable hydrolysis of fat 
will occur in a few hours.'" * 

The livers are placed in steam- jacketed, tapering “ kars " 
commonly holding 6 to 8 hectolitres (i2 to i6 cwt.) of livers, 
which are completely closed during the cooking or steaming 
(see Fig. 224). Formerly live steam was rarely admitted to 
the contents, but modern practice favours the use of a higher 
temperature, which rnore rapidly destroys the autolytic 
enzymes, while the admission of steam facilitates mixing and 
disintegration of the livers. The steam may be admitted by 
means of a vertical pipe which is perforated near the base. 
Drummond and Hilditch, using an apparatus of this type 
with a 5 cwt. charge of livers and steam at 50 to 60 lb. 
pressure, found that twelve to fifteen minutes was required to 
reach the boiling-point and the operation was usually com- 
pleted in twenty to twenty-five minutes, f These workers 
recommend the use of steam at 80 to 100 lb pressure if circum- 
stances permit. After steaming and allowing to settle for 
about five minutes the oil is run off into cooling tanks, which 
are made with floating covers to protect the oil from the air. 
In Newfoundland the oil, after cooling for thirty-six hours, is 
filtered through double calico bags into tin-lined barrels. In 
Norway the oil is frequently filled into metal containers 
holding 25 to 30 gallons, which are buried, in the snow for 
several days, the oil being then filtered through a press into 
the tin-lined barrels in which it is exported. As much as 20 
to 25 per cent, of “ stearine " may be deposited during the 
cooling. Non-destearinated cod-liver oil is official in the 
U.S.P. XI. under the name Oleum Morrhuse Non-destearinatum. 
After extracting the No. i oil, water may be added to the 
extractor and the contents brought to the boil with steam. 
The water is then drained off and the hot blubber placed in 
press bags and immediately pressed to give a further yield 
of oil. 

Refining. — '' It is recommended that wherever possible the 
only refining process employed should consist of intensive 

* Drummond and Hilditch, '' The Relative Values of Cod-Liver Oils 
from Various Sources,” Publication No. 35 of the Empire Marketing Board, 

3 _. 

t In the rules issued for the guidance of Newfoundland manufacturers 
the worker is directed to " boil until the white scum floats (which will take 
about 30 minutes).” 

42 
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chilling followed by filtration or centrifuging at a low tempera- 
ture ; whilst, if any further decolorising or deodorising action 
is necessary, it should be restricted to agitation at as low a 
temperature as possible with fuller's earth or similar adsorbent 
material, fuller's earth and charcoal being indicated as a 
particularly suitable mixture." * 

Storage. — Providing the containers are filled as completely 
as possible, the amount of air enclosed is insufficient to bring 
about much oxidation, and the use of nitrogen or carbon 
dioxide is hardly necessary. It is recommended * that ' ' Medicinal 
cod-liver oil should* be bottled preferably in amber-coloured 
or dark-coloured containers, that the bottles should be as 
completely filled with oil as possible, and supplied with 
well-fitting corks of good quality, and that as far as possible 
instructions should be issued to keep the oil in a dark cool 
place." 

Characters. — ^Medicinal cod-liver oil is a very pale yellow 
liquid with only a slightly fishy odour and taste. The acid 
value should not exceed 1*2 but increases with age, a sample 
examined by Drummond and Hilditch showing 0*32 when 
fresh, 0-30 after six weeks, 0*40 after six months, and 0-87 
after thirteen months. The iodine value, as may be inferred 
from the constituents, is high. 

Constituents. — ^The medicinal properties of cod-liver oil are 
mainly due to vitamins A and Dt- The oil consists of 
glycerides of unsaturated (about 85 per cent.) and saturated 
(about 15 per cent.) acids. In the unsaturated group, which 
includes palmitoleic, oleic, linoleic, gadoleic, and clupanodonic 
acids, the acids possess 14, 16, 18, 20, or 22 carbon atoms, and 
up to six ethylenic linkings. The saturated acids^" include 
myristic acid, C13H27.COOH, palmitic acid Ci5H3i.COOH, and 
traces of stearic acid. The presence of any quantity of bile 
acids or of the alkaloids morrhuine and aselline, which are 
formed by decomposition, indicate an oil unsuitable for 
medicinal purposes. 

Allied Drugs. — ^Halibut-liver oil {Hippoglossus hippoglossus) is 
very rich in vitamins and is now a commercial article. Many 
other fish-liver oils resemble cod-liver oil and an account of 
the saith, hake, ling, skate, and dogfish wiU be found in the 
report referred to above. 


* Drummond and Hilditch, 35, pp. 96 and 107. 

f For details of vitamins, see Barber’s Textbook of Physiology. 
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Uses. — Cod-liver oil is principally used for tlie prevention 
and cure of rickets. 


CETACEUM 

Spermaceti ; F. Spermaceti ; G. W air at 

Source. — Spermaceti is a solid wax obtained from the head 
of the sperm whale, Physeter macrocephalus (Class Mammalia, 
Order Cetacea, Family Physeteridse) , and the bottle-nosed 
whale, Hyperoodon ro stratus. The whales, which are about 
20 and 10 metres in length respectively, are found in the Pacific, 
Indian, and Atlantic Oceans. 

Collection and Preparation. — ^The whales are killed by means 
of torpedo-like harpoons which explode within the animal. In 
the head, in front of and above the skull, is a large cavity, 
known as the case,"' containing sufficient crude sperm oil to 
fill about 10 large barrels. This liquid is removed either by 
buckets or by pumping. On cooling it deposits about ii per 
cent, of spermaceti. The crude deposit is pressed, melted, and 
strained, and treated with boiling aqueous caustic soda with 
which any residual oil forms a soap. The spermaceti is then 
separated, washed, and allowed to cool. 

Characters. — Spermaceti occurs in white, translucent, crystal- 
line masses. It has no marked odour or taste. Sp. gr. 0*95 
to 0-96. Acid value not more than i ; saponification value, 
125 to 136 ; iodine value, 3 to 4*4. Melting-point, 46° to 50°. 

Spermaceti is insoluble in water and cold alcohol, but 
soluble in ether and chloroform. It dissolves in 50 parts of 
hot alcohol (in which adulterants such as stearin, tallow, and 
paraffin wax are insoluble), but separates on cooling. 

Constituents. — Spermaceti consists chiefiy of cetyl palmi- 
tate, Ci5H3i.COOCi 6H33. Small proportions of other esters 
are present. It may be saponified by means of boiling alcoholic 
potassium hydroxide, and cetyl alcohol, C16H33OII, may then be 
separated from the soap. Cetyl alcohol forms colourless 
crystals, melting at 49-5°. 

Uses. — Spermaceti is used in ointments and as an emulsion. 

Ambergris (F. Amber Gris ; G. Graue Amhra) is a patho- 
logical product found in the intestine of the above-mentioned 
whales or cast by them into the sea. It occurs in streaky. 
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grey or brown masses weighing up to loo lb. ^ It is extremely 
valuable and is used in perfumery as a fixative. The odour 
is suitably modified by storing for several years before use. 
Ambergris contains about 25 per cent, of a substance called 
ambrein. 


ADEPS 

Adeps, B.P. ; Lard, Prepared Lard ; F. Axonge ou Graisse 
de Pore ; G. Schweineschmalz 

Source. — hard is the purified internal fat of the hog, Sus 
scrofa (Order Ungulata, Family Suidae). 

Preparation. — ^For medicinal purposes lard is prepared from 
the abdominal fat known as '' flare.'’ If this has been salted 
it must be thoroughly washed (note the official test for absence 
of chlorides). The fat is comminuted and placed in lead-lined 
tanks capable of holding several tons. Water is added and 
the temperature raised by means of steam pipes until the fat 
melts and floats on the surface. A temperature exceeding 57° 
should not be used. The melted fat is run off through openings 
at the side of the tank, strained, and allowed to cool. Further 
quantities of fat, but of inferior quality, may be obtained by 
further heating with the addition of acid to cut " the cell 
membranes. 

Characters. — hard is .a soft, white fat with a non-rancid 
odour. Acid value not more than i-2. hard has a lower 
melting-point (34° to 41°) and a higher iodine value (52 to 66) 
than suet. Saponification value, 192 to igS. 

Adulteration. — ^Tests for the absence of moisture, beef-fat, 
sesame and cotton-seed oils, and chlorides are given in the 
Pharmacopoeia. 

Constituents. — ^Fard contains approximately 40 per cent, of 
solid glycerides such as myristicin, stearin, and palmitin, and 
60 per cent, of liquid glycerides such as olein. These fractions 
are sometimes separated by pressure at 0° and sold as 
stearin " and lard oil " respectively. 

Uses.^ — -hard is used as an ointment base. It is somewhat 
Hable to become rancid, but this may be retarded by benzoina- 
tion. 



ANIMALS AND ANIMAL PRODUCTS 661 


SEVUM 

Sevum, B.P. ; Suet, Prepared Suet, Mutton Suet ; F. Suif ou 
Gfdisse de Mouton ; O. Hammeltalg 

Source. — Suet is the purified internal fat of the abdomen of 
the sheep, Ovis aries (Order Ungulata, Family Bovidae). 

Preparation. — ^The preparation of suet closely resembles 
that of lard but a somewhat higher temperature is necessary 
to melt the fat. 

Characters. — Suet is a firmer fat than lard, and melts at 45"^. 
Acid value not more than 2 ; saponification value, 192 to 195 ; 
iodine value, 33 to 46. 

Constituents. — Suet contains about 70 to 80 per cent, of the 
solid glycerides, stearin and palmitin, and 20 to 30 per cent, 
of olein. 

Uses. — Suet is used in ointments, especially in tropical and 
subtropical countries. 


ADEPS LAN^ 

Adeps Lanes, B.P. ; Wool Fat, Anhydrous Lanolin ; 

F. Suint de Laine ; G. Wollfett 

Source. — ^Wool fat is a purified fat-like substance prepared 
from sheep’s wool 

Preparation. — As mentioned on p. 125, raw wool contains 
considerable quantities of “ wool grease ” or crude lanolin, 
the potassium salts of fatty acids and earthy matter. Raw 
lanolin is separated from the washings of the scouring process 
and purified to fit it for medicinal use. Purification is difficult 
and the methods used are trade secrets or the subject of 
patents. In one patented process the raw lanolin is kneaded by 
machinery in flowing water, dehydrated by heating, centrifuged 
while hot, and treated with suitable solvents. Finally, it is 
again kneaded and washed in water, and dried. 

Characters. — Purified wool fat is a pale yellow, tenacious 
substance with a faint but characteristic odour. It is insoluble 
in water and a high proportion of water may be incorporated 
with it by melting (m.p. 34° to 40"^) and stirring. Soluble in 
ether and chloroform, hike other waxes, it is not readily 
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saponified by aqueous alkali but an alcoholic solution of 
fl lk a li causes saponification. Saponification value, 94 to 106 ; 
iodine value, 18 to 32 ; acid value not more than i. 

Constituents. — ^The chief constituents of wool fat are 
cholesterol and wo cholesterol, unsaturated monohydric alco- 
hols of the formula C27H46OH, combined with lanoceric, 
lanopalmitic, carnaubic, and other fatty acids. 

Test for Cholesterol. — Dissolve 0*5 G. in 5 ml. of chloroform, 
add I ml. of acetic anhydride and two drops of sulphuric acid ; 
a deep green colour is produced. 

Xjses. — Wool fat is used as an emollient base for creams and 
ointments. 


GELATINUM 

Gelatinum, B.P. ; Gelatin ; F. Gilatine, Grenatine ; 

G. Weisser Leim, Gallcrte 

Source and Preparation. — Gelatin is obtained by treating 
certain animal tissues, particularly skin and bones, with hot 
water so as to convert the collagens into gelatin. The solution 
obtained is coloured and odorous and requires careful purifica- 
tion to fit it for medicinal use. In the case of glue the x^urifica- 
tion processes described below are omitted,* and other tyx^es 
of animal tissue may be used. 

Preliminary Treatment, i. Skins . — ^The trimmings of skin which 
are rmsmted to the manufacture of leather are treated with a solution 
of caustic soda and excess of slaked lime for about 10 to 30 days. 
This treatment saponifies or emulsifies the fat, produces partial bleach- 
ing, and prevents putrefaction. The material is then thoroughly 
washed, 

2. Bones . — In this case p-urification involves the removal of fat 
and mineral matter, and is performed by Soxhlet extraction with an 
organic solvent followed by prolonged treatment with dilute acid. 
Dilute hydrochloric acid (8 to 10 per cent.) or sulphurous acid is 
commonly used, the latter being useful for its bleaching action. The 
defatted and decalcified material is then thoroughly washed. 

Extraction. — ^When the collagen of skins or bones, which appears 
to be the anhydride of gelatin, is heated with water gelatin passes into 
solution. Dong boiHng, however, not only causes hydrolysis but 
considerable darkening of colour. The material is therefore treated 
at 185° F. (85° C.) with successive quantities of water. The first 
extraction yields the purest gelatin. 

* For further, details on the preparation of gelatin and glue, see Bennett's 
Animal Proteins, pp. 220—259. 
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Purification. — ^This involves : 

(i) clarification, electrolytes being added to cause flocculation of 
tbe impurities, whicb are then separated by sedimentation 
and filtration ; 

(ii) decolorisation by filtration tbrough sand, kieselgubr, animal 

charcoal, wood pulp, alumina or other substances ; and 

(iii) Ueaching by reducing agents such as sulphurous acid or by 

oxidising agents. 

Evaporation. — ^The weak gelatin sol (3 to 9 per cent.) obtained by 
the above operations is concentrated until it sets to a stifiE gel on cooling 
(20 to 55 per cent.). It is important to concentrate rapidly but at as 
low a temperature as possible. Multiple-effect evaporators are now 
widely used. If evaporation is stopped at about a 20 per cent. soL, 
the resulting gel must be further dried in sheds. The Hquid is- allowed 
to set in shallow vessels (J to ^ inch deep) or in larger boxes. It is 
then placed on network frames which are passed through a drying 
tunnel with air at about 21°. The final drying takes about four days 
and the finished product still contains about 10 to 18 per cent, of water. 

Characters. — Sheet gelatin prepared as above may be cut 
into strips or made into a granular powder. Gelatin is colour- 
less or pale yellow, translucent, and has little odour or taste. 
It is insoluble in cold water but absorbs a considerable volume 
of liquid ; it dissolves on heating and a 2 per cent, solution 
forms a jelly on cooling. Gelatin is precipitated from solution 
by solution of tannic acid or solution of trinitrophenol. When 
heated with soda lime, ammonia is evolved (distinction from 
agar) . It is rendered insoluble by formaldehyde, or potassium 
di chromate solution followed by exposure to light. The 
gelatinising power of gelatin is reduced by long boiling. 

Constituents. — Official gelatin consists mainly of glutin, 
a nitrogenous substance which gives the chemical tests men- 
tioned above. Gelatin prepared from cartilage contains 
chondrin, and is excluded by the official requirement that the 
drug shall give no precipitates with acids (except tannic acid) 
or with alum, lead acetate, etc. Glue is of a similar chemical 
nature but contains colouring matters. 

Uses. — Gelatin is used in the preparation of suppositories, 
capsules, pill-coatings, etc. 

Allied Drug. — Isinglass is the dried swimming bladder of 
many species of fish, particularly of the sturgeons (e.g. Acipenser 
huso) found in South Russian rivers and the Black and Caspian 
Seas. The bladders are opened, washed, deprived of the outer 
membrane, and dried. Isinglass resembles gelatin in its 
properties. It consists chiefly of collagen and is used in the 
preparation of court plaster. 
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MOSCHUS 

Musk, Deer Musk / K. Muse ‘ G. Bisam 

Source. — ^Musk is a dried secretion obtained from the 
preputial follicles of the musk deer, Moschus moschiferus 
(Order Ungulata, Family Cervidse). The musk deer is about 
50 cm. in height and of a greyish-brown colour. Most mammals 
have some portion of their skin modified for the secretion of 



Fig. 225. — A male musk deer in. the Natural History Museum, Wollaton 
Hall, Nottingham. The musk pod is clearly shown. (Photo. Sutcliffe, 
by kind permission of the Curator.) 

odorous substances, but in the adult male musk deer a distinct 
pouch or sac with a narrow tubular orifice is provided for this 
purpose between the navel and prepuce. This contains a 
considerable quantity of dark brown secretion, which may be 
discharged by the action of a compressor muscle which 
surrounds it. 
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Collection and Preparation. — ^The deer are found in the 
highlands of Central and Eastern Asia (the Chinese provinces 
Tzechuen and Yun-nan), Tibet, Assam, Nepaul, and 
Kashmir). Most of the musk which is exported is sent to 
Shanghai by routes similar to those taken by rhubarb and is 
known as Tonquin musk.* Other commercial varieties are 
Yunan, Assam, and Nepaul musks, which are mainly exported 
via Calcutta. 

The animals are snared or shot, the sacs cut off with a 
certain amount of abdominal skin, and dried. The abdominal 
skin is afterwards trimmed off, except for a small portion 
surrounding the orifice. Musk is often adulterated by the 
collectors and by the Chinese merchants through whose hands 
it passes. In China and again in Eondon the pods are care- 
fully examined and divided into three grades or piles, pile I 
consisting of good class pods, pile II of those of inferior quality 
or doubtful purity, and pile III of very poor or obviously 
adulterated pods. 

Each pod is wrapped in paper and packed in metal-lined 
boxes or in fiat tins containing two “ cattys ’’ (433 oz. or 
about forty to fifty pods). 

Characters . — Tonquin musk ^ods are circular or slightly oval 
in outline and measure 5 to 7 cms. in diameter and 2 to 3 cms. 
in thickness. The upper surface, as attached to the animal, is 
flatter than the side bearing the orifice. The remains of the 
outer skin usually extend about 2 cms. round the orifice in 
all directions and bear radiating, bristly hairs of a greyish 
or brownish colour. Within this hairy skin lies an inner, 
often glistening '' blue skin.'' Some pods are found which have 
not had the abdominal skin trimmed off, these being known as 
“ old style " or natural-skin " pods. Musk pods weigh 
about 30 G. each and, if of good quality, contain about half 
their weight of musk. The latter is at first unctuous or semi- 
liquid, but when allowed to dry in the air forms reddish-brown 
fragments (grain musk). It usually contains hairs, bacteria, 
and fungal hyphse. Musk has a bitter taste and a strong, 
characteristic odour which is apparent even at great dilutions. 

Yunan musk approaches the Tonquin in quality. The pods 
are more globular, however, and the fact that the orifice is 
depressed and that there are two protuberances near the 

* The name Tonquin is somewhat misleading, as no musk is actually 
produced in Tong-king, and any passing through this province would 
probably come from Yun-nan. 
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margin canses tliem to be known as ''pig-faced'' pods. 
Assam and Nepaul pods are globular and weigh only about 
oz. The contents are usually of fair quality. These varieties 
are often imported without the sac and may be distinguished 
by their odours and colours, Nepaul being reddish-brown and 
Assam blackish. 

Constituents. — ^Musk yields, on steam distillation, about 
1*4 per cent, of a dark brown volatile oil. From this Walbaum 
(1906) isolated muskone, CiqH^qO, a cyclic ketone containing 
a closed chain of fifteen carbon atoms and closely related to 
civetone (see below). This is the chief odorous constituent, 
other substances present being moisture, fat, proteins, resins, 
and inorganic matter. 

Most of the synthetic musks, e.g. musk-xylene, ketone- 
musk, and musk-ambrette, are entirely different from muskone 
in chemical nature although capable of replacing musk to some 
extent in perfumery. Within recent years, however, cyclo- 
pentadecanone, C15H28O, has been marketed as a more 
satisfactory, though much more expensive, musk substitute. 
CycZopentadecanone differs from muskone only in the absence 
of a methyl group. 

Uses. — ^Musk was formerly used in medicine but is now 
seldom prescribed. It is of considerable importance in 
perfumery. 

Allied Substances. — Civet is prepared from various species of 
Viverra (Order Carnivora, Family Viverridae), particularly the 
African civet or " civet cat " and Indian civets. The animals 
are kept in cages and the secretion collected from the perineal 
foUicles with a spoon or spatula. It is usually imported in 
horns. It is largely used in perfumery and owes its odour to 
an unsaturated cyclic ketone, civetone, the molecule of which 
contains a closed chain of no fewer than seventeen carbon 
atoms- 

Castor consists of the dried, preputial follicles of the beaver. 
Castor fiber (Order Rodentia, Family Castoridae), collected in 
Canada or Siberia. It contains a musk-like secretion which is 
used in perfumery. 

American musk is a product of the muskrat or musquash. 
Fiber zibethicus, and is sometimes used instead of true musk 
although much inferior to it. 
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CHAPTER XXIV 

TESTS FOR PLANT-PHENOLS 

By a. H. Ware, Ph.C. 

Phenoeic substances are of widespread occurrence in plants, 
and they give a great variety of response to reagents. Tests 
for plant-phenols therefore afford a most useful means of 
approach to the identification of drugs by chemical methods. 
The tests employed depend very largely on the use of iron 
reagents, formaldehyde, alkalis, and nitrous acid. Con- 
siderations of space will only allow a description of a necessary 
minimum of the more useful tests for detecting and distinguish- 
ing between the more important plant phenols or classes of 
phenols. The methods of testing, the results to be looked for, 
and lists of phenol-containing drugs are given below under 
the following headings : — 

1. General tests for tannins. 

2. Classificatory tests for tannins. 

(i) Phlobatannins. 

(ii) Pyrogallol tannins. 

[a] Ellagitannins. 

( 5 ) Gallitannins. 

3. Pesudo tannins. 

4. Pyran-phenols. 

5. Anthoxanthins (y-pyrone phenols). 

6. Emodins or emodin-yielding compounds. 

7. Scopoletin (^-methylaesculetin) . 

8. Phenolic resins and phenols in volatile oils. 

9. Phenolic alkaloid. 

1. General Tests for Tannins 

A large number of useful tests for tannins have been pub- 
lished, but none are so specific, or so generally useful for 
routine work, as the two given below. Some exception to 

669 
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this statement must be made in the case of the goldbeaters’ 
skin test, but this is not described because of the length of 
time it takes to work and because the interpretation of the 
results given by it requires considerable experience. 

Tests with Phenazone. — ^To 5 ml. of an aqueous decoction 
of the drug (or well-diluted commercial extractive) add 0-5 G. 
of acid sodium phosphate; warm, cool and filter. To the 
filtrate add a sufficient quantity of 2 per cent, solution . of 
phenazone.* Results : All tannins are almost completely 
precipitated. The precipitate is usually bulky and often 
coloured. 

Tests with an Iron Complex. — Mitchell’s reagent (ferrous 
sulphate o-i G. and Rochelle salt 0-5 G. in 100 ml. of water), 
or a 0*25 per cent, solution of Iron and Ammonium Citrate B.P. 
may be used. 5 ml. of the reagent is added to 5 ml. of the 
solution to be tested, and is followed by 0*5 to 1*0 G. of sodium 
acetate, t The mixture is then boiled, cooled, and again, if 
necessary, boiled. Results: A purple, violet, or blackish 
bulky precipitate is obtained if tannin be present, which is 
insoluble in hot water, alcohol, or aqueous ammonia. A brown 
precipitate is given by some yellow plant colouring-matters. 
A purple, violet, or blue solution, or filtrate, indicates the 
presence of gallic acid, pseudotannins or pyran-phenols. 


2. Classificatory Tests for Tannins 

(i) Phlohatannins. — The following test appears to be quite 
specific for distinguishing phlohatannins from any other sub- 
stances which are likely to be present in plant extractives in 
appreciable quantities.} 

* This test is more specific than the cinchonine test. As an indication 
of the superiority of the test over the one using a cinchona alkaloid, compare 
the behaviour of the phenazone phosphate reagent with a diluted extract 
of liquorice and the same extract with a solution of cinchonine or quinine 
hydrochloride. The latter precipitate glycyrrhizinic acid while the phenazone 
reagent does not. 

It should be noted that most phlobatannin extractives made with alcohol 
yield copious precipitates on dilution with water, and especially in the 
presence of an electrolyte such as acid sodium phosphate. Indeed, little or 
no tannin may remain in solution. If, however, the precipitated phlobaphene 
be washed, and then percolated * on the paper with very dilute aqueous 
ammonia, the filtrate obtained will give the characteristic response to the 
iron-complex test. 

f The B.P. Strong Solution of Ammonium Acetate may be used instead, 
but not commercial ammonium acetate, which is sometimes strongly acid. 

t Phloroglucinol, orcinol, and resorcinol give similar results, but are 
unlikely to occur in plant extractives in any appreciable quantity. 
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Test with Formaldehyde. — ^To 6 ml. of the extractive 
(aqueous or, if alcoholic, well diluted with water) add 3 drops 
of 40 per cent, solution of formaldehyde and 6 drops of 10 per 
cent, hydrochloric acid. Raise to the boiling point, cool, and, 
if necessary, again raise to the boiling point and cool, but in 
any case do not continue boiling for more than a minute. It 
is also important that the acidity should not be markedly 
greater than that indicated, but slight variations are unimpor- 
tant. Wash the precipitate successively with hot water, warm 
alcohol, and warm 5 per cent, aqueous potassium hydroxide. 
Results : A bulky precipitate is given which leaves a coloured 
residue after the prescribed treatment.* 

Drugs. — For a list of drugs containing phlobatannins, see 
Table i, p. 679. 

(ii) Pyrogallol - Tannins (Non - Phlobatannins). — Pyrogallol 
tannins fall into two subclasses (ellagitannins and gallitannins) , 
dealt with below, but first a test apparently quite specific for 
the whole class will be described. 

Modification of Iron-Complex Test. — ^To about 6 ml. of the 
decoction or well-diluted alcoholic extractive (which need not 
be filtered) add i drop of 33 per cent, acetic acid and i G. of 
sodium potassium tartrate. Warm and filter off any precipi- 
tate. Wash this, if any, and let the washings mix with the 
previous filtrate (neglect any cloudiness at this stage). Add 
the iron reagent described in the previous test for tannins 
until there is no further intensification of colour, and 
boil. Results : A purple, violet or blackish precipitate is 
obtained, which is insoluble in hot water, alcohol, or aqueous 
ammonia, f 

Test to Distinguish between Ellagitannins and G-allitannins. — 
To 10 ml. of a decoction of the drug J add a few 
crystals of sodium nitrite. Heat gradually nearly, but not 
quite, to boiling. If no characteristic colour is given, cool, 

* Other substances than phlobatannins may be precipitated, but dissolve 
in one or other of the solvents successively added. Gambir is a notable 
case in point, for both the catechutannic acid and catechin are precipitated, 
but the condensation product formed by the latter is washed through by the 
alcohol and alkali, and if the filtrate is collected, will give a • characteristic 
condensation product if boiled with an equal quantity of concentrated hydro- 
chloric acid and three drops or so of ,the formaldehyde solution. 

f Phlobatannins do not precipitate under the conditions given above, 
but will do so if sodium acetate and a slight excess of ammonia be added. 

f The decoction should be diluted, if necessary, until it has no marked 
colour but retains a definite tint before testing, and if durirg the heating 
there is a tendency to the development of an intense brown colour the mixture 
should be further diluted. 
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add a little solid acid sodium phosphate, and repeat the 
heating. Results : A succession of colour changes may often 
be seen, but in any case the final colour should be green, blue 
or purple (most frequently an intense green or greenish-blue) 
if ellagitannin be present. 

Probably gallitannin generally accompanies ellagitannin, 
but it does not interfere with the reaction described above. 
To detect gallitannin in the presence of ellagitannin is not so 
easy unless it is in large excess, as in the case of Turkish galls. 
If a decoction of Turkish galls is poured very gradually into 
excess (at first) of solution of calcium hydroxide a bluish pre- 
cipitate is obtained. 

Drugs. — For a list of drugs containing pyrogallol-tannins, 
see Table 2, p. 680. 

3. Pseudotannins 

Under the name pseudotannins it is convenient to include 
a number of plant-phenols which do not give the more specific 
reactions for either tannins or pyran-phenols, but resemble 
the tannins and the more important pyran-phenols with 
respect to giving with soluble iron salts a purple or violet 
colour upon the addition of a weak solution of sodium bicar- 
bonate. If, instead of the bicarbonate, ammonia be used in 
adequate quantity, a deep red colour is produced with suffi- 
ciently pure material. Catechinol, a pseudotannin, may be 
compared with catechol, which gives similar results. The 
test, however, can be carried out with ammonia on filter-paper 
as described below in such a way as to give a purple or violet 
colour and will then often detect smaller amounts of the plant- 
phenol than any other method. 

Test with Ferric Chloride and Ammonia on Filter-Paper. — 
For this test it is best to use an extractive made with about 
48 per cent, alcohol. Pour a little of the solution to be tested 
on a pad of three small filter-papers. The upper one may be 
used as a filter and removed. The extractive should tint the 
paper but not deeply stain it. Now drop into the extractive 
area two drops of test solution of ferric chloride and then 
closely contiguous to the iron area, but not touching it, one or 
two drops of 10 per cent, aqueous ammonia. Results : If 
tannins, pseudotannins, cyanidin or delphinidin anthocyans, 
hematoxylin, brazilin or gallic acid * be present there may be 

* For the purposes of the qualitative analysis of extractives, gallic acid 
may be regarded as a pseudotannin. 
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a succession of colours, but the final colour most in evidence, 
after the ammonia has diffused into the iron area and more or 
less evaporated, will be purple or violet (or in the case of 
tannins sometimes blackish). 

Test with Sodium Bicarbonate. — Sodium bicarbonate does 
not give any marked colour-reaction with either tannins or 
pseudotannins, but it will do so with pyran-phenols (7.V.). 

Test with Iron Complex (as described on p. 670). With 
the exception of haemotoxylin, which is partially precipitated 
(giving a blue precipitate and a violet filtrate), neither the 
pseudotannins nor the pyran-phenols are precipitated, but 
give a purple or violet solution or filtrate.* 

The above three tests, taken together, will detect pseudo- 
tannins except in the presence of pyran-phenols. Special 
methods have to be used in the latter case. 

Tests for Individual Pseudotannins and Lists of Drugs containing 

Them 

(a) G-allic Acid. — ^For tests with ammonia, etc., see foot- 
note under pyran-phenols (p. 674). Gallic acid is contained 
in most substances which contain gallic acid tannins. 

(d) Catechins and Related Bodies. — These may be detected 
as follows : — Dip a match stick or deal shaving into an extrac- 
tive, which must be of such a dilution that it only gives a 
slight tint to the wood. Dry the stick and dip it into con- 
centrated hydrochloric acid, removing quickly. Warm it near 
a flame. If any appreciable quantity of catechin or related 
body be present, a deep magenta-purple or purple-violet stain 
is given to the match stick (compare with resorcinol and phloro- 
glucinol). Catechins or related bodies appear to be present 
in many phlobatannin materials. 

(c) Chlorogenic Acid (so-called Caffeotannic Acid). — The 
test for this substance, in which a little ammonia is added to 
an aqueous extractive and the mixture on exposure to air 
develops a green colour, is well known. It is contained in 
mate, coffee and nux vomica seeds. 

(d) Ipecacuanhic Acid. — ^This substance, which is found in 

* It must be noted that pseudotannins (especially the catecnins and 
gallic acid) frequently accompany tannins, so that both a coloured precipitate 
and a coloured filtrate may be given. Excess of reagent must be used if a 
precipitate is obtained and pseudotannins or pyran-phenols are to be 
tested for. 

43 
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ipecacuanlia roots, differs from otlier plant-phenols which give 
the catechol type of reaction with iron in that it is not pre- 
cipitated by neutral lead acetate. The test may be performed 
on the official liquid extract of ipecacuanha diluted with 
water. To this solution add excess of lead acetate, filter on to 
a pad of absorbent paper, and add ferric chloride solution. 
The addition of ammonia is unnecessary as the lead acetate 
adjusts the pB. in such a way that the purple colour is 
given. 


4. Pyran-Phenols 

For the following tests use fresh extractives made with 
water slightly acidified with acetic acid. Anthocyan- 
containing materials give a pink solution, but logwood 
(hsematoxylin) and sappan (brazilin) give a yellow. 

Test with NT/SO Sodium Bicarbonate or Carbonate.* — Add 
the alkaline solution vepr gradually to a sufficiently strong 
extractive. Results : Brilliant colours are given to the reagent 
by all p3uan-phenols, but with the cyanidin and delphinidin 
anthocyans there is a remarkable succession of colours, viz. 
with increasing alkalinity, pink, red, purple, violet, blue, and 
green, in the order named (with weaker extractives there may 
be a jump from the purple to the green). With haematoxylin 
and brazihn (decoctions of logwood and sappan may be used) 
the changes do not go beyond the purple, j* 

* Sodium carbonate (or bicarbonate) is preferable to the ammonia, 
solution of calcium hydroxide, or stronger alkalis recommended in some 
text-books, for the following reasons, viz. : — 

{a) Because with stronger alkalis it is more difficult to get the full succes- 
sion of colours shown by the anthocyans. 

(6) Because ammonia and the fixed alkalis, if used in excess, tend to 
destroy the pyran-phenols with the production of either a yellow 
(anthocyans) or brown colour (hsematoxylin or brazilin). 

{c) Because under appropriate conditions, which may actually be obtained 
in testing for pyran-phenols, ammonia, solution of calcium 
hydroxide, or the fixed alkalis may give similar results with 
gallic acid, gallo tannin, or certain other phenols belonging to the 
classes previously dealt with. This may be seen by pouring a 
solution of gallic acid or gallotannin into a solution of calcium 
hydroxide, with gentle agitation, using preferably a white dish 
rather than a test-tube. Also note the behaviour of gallic acid or 
gallotannin and that of a decoction of galls when these are poured 
on pads of filter-papers, the moist area treated with two drops of 
lo per cent, aqueous ammonia and allowed to stand. Similar 
characteristic colour-reactions are given in each case, 
t Haematoxylin and brazilin, or the drugs from which they are obtained, 
may be readily distinguished from one another by adding to the test mixture 
at the purple stage a little alum. The logwood extractive then gives a rich 
violet whilst the sappan still only shows a purple colour. 
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Test with Normal ”) Lead Acetate. — ^This reagent gives 
characteristically coloured precipitates in all cases. With 
anthocyans, unless due care he taken, the precipitate tends to 
be green (as with alkalis) . 

Test with Alum. — Some extractives containing pyran- 
phenols, notably logwood and cyanidin and delphinidin 
anthocyans, give with alum a considerable intensification of 
colour, e.g. pink to purple or purple to violet, etc. With 
brazilin or pelargonidin anthocyans much less, if any, colour 
change is shown. 

6. Drugs containing Anthoxanthins (y-Pyrone Phenols) 

In the absence of interfering substances anthoxanthins can 
readily be distinguished by the following characters. Tested 
in sufficiently strong extractive they give a yellow colour with 
alkalis, and a green or brown colour with ferric chloride, 
modified to a deep brown colour or precipitate on adding 
ammonia, sodium bicarbonate, or sodium acetate. The irom 
complex test never gives with an anthoxanthin a blue, violet, 
or definitely purple colour. Anthoxanthins give a definitely 
yellow precipitate with lead acetate, even in alcoholic extrac- 
tive- The presence of tannins or anthraquinone phenols may 
mask all these results, but in such cases their presence may 
often be indicated by boiling a little of the extractive, diluted 
if necessary, in a white dish with a little dilute sulphuric acid. 
If the dish be occasionally agitated from side to side a yellow 
film will appear above the fluid on the side of the dish. If 
the fluid be made to pass over this film before charring occurs, 
the colour is destroyed (anthoxanthins form salts with acids 
which are hydrolysed by water). 

Some extractives (but unfortunately few of those used in 
medicine give a very good result), for example, aqueous extrac- 
tives of wood spurge or alcoholic extractives of old fustic (a 
wood used in dyeing khaki) , and tinctu’res of orange and lemon 
(due in both cases to hesperitin), will give a rich pink colour if 
treated with sufficient hydrochloric acid and a little pure zinc 
or magnesium, and warmed. This is due to the reduction of 
the anthoxanthin by nascent hydrogen with production of an 
anthocyan or anthocyan-like substance. 

Anthoxanthins are the most widely distributed of all plant- 
phenols, and are probably always present in or near the 
inflorescence of flowering plants. They are much less frequently 
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present, in any appreciable qnantity, in woods and seeds ; but 
to this generalisation there are many exceptions, e.g. old fustic 
and quebracho woods and fenugreek seeds. 

It will be noted that in many drugs tannins are accompanied 
by anthoxanthins (compare lists), but it should also be noted 
that the so-called tannins in many drugs (e.g. coca leaves, 
arnica flowers, and santonica) are probably anthoxanthins (see 
also pseudotannins in this connection). 

6. Emodins and Emodin-Yielding Compounds 

General Test. — ^The whole group of drugs which contain 
emodins or closely related bodies is fairly well distinguished 
by the familiar test in which the powder is triturated with 
carbon tetrachloride (or other suitable solvent) , or the extrac- 
tive shaken out with such a solvent ; the organic solvent layer 
is separated, and shaken with an equal volume or less of 
aqueous lo per cent, ammonia. Results : The organic solvent 
solution prior to shaking with ammonia is yellow. After 
shaking the ammonia becomes distinctively coloured, the 
colour usually varying from pink to carmine-purple in intensity 
according to the amount of emodin reacting, but is less dis- 
tinctive with some aloes, notably Cape, in which case it may 
be brown. 

Special Tests. — (a) Rhubarb (the official at least) is well 
distinguished by the characteristic pseudotannin or tannin 
response given to the test on filter-paper with iron and 
ammonia, two or more of the colours, green, blue, violet, or 
purple being produced and either violet or purple persisting 
after the diffusion of the ammonia into the iron area. 

(b) Aloes as a class are distinguished by the tests with 
borax and bromine water given in the Pharmacopoeia, of which 
the borax test is much the more specific, bromine water giving 
precipitates with an enormous number of extractives other 
than aloes, notably all phlobatannin and most alkaloidal 
extractives. Indeed, not to give a precipitate with bromine 
water is more distinctive than to give one, e.g. a negative 
response to bromine water is a characteristic of typical pyro- 
gallol tannin extractives, which is useful in some cases. The 
writer finds that a much more specific class reaction for aloes 
is given as follows : — Dissolve a little aloes in lo ml. of water. 
Add 0*5 ml. of No. i Solution for Fehling's test (containing 
CUSO4 and a little H2SO4). Heat to boiling and add i or 2 
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drops of 10 vol- solution of H2O2. Quickly boil again and 
dilute with an equal quantity of 6 per cent, acetic acid. An 
intense wine-purple colour is given, bearing much dilution 
with water. 

To distinguish between individual kinds of aloes nitric acid 
is a most useful reagent. Either the method of the Pharma- 
copoeia may be used, or the older one of stirring the aloes in 
powder with strong nitric acid on a tile. In using this method 
from two to five minutes must be allowed for the green given 
by Cape aloes to develop, but even then it is quicker than the 
full process of the Pharmacopoeia. 

The nitrous acid test for isoharhaloin is by far the most 
specific test for aloes containing it, viz. Curasao aloes (and 
aloin prepared from it) and Cape aloes. Dissolve a small 
quantity of the aloes or aloin in from 5 to 8 ml. of water by the 
aid of heat. Cool and filter. Add a few small crystals of 
sodium nitrite and two drops or so of 33 per cent, acetic acid. 
Shake, in the cold, for one or two minutes. Results : A rich 
pink to carmine is given by Cura9ao aloes and aloin obtained 
from this variety ; Cape aloes gives a poorer colour ; Socotrine 
and Zanzibar give no characteristically distinctive colour. In 
fact, worked as described, the test appears to be quite specific 
for ^sobarbaloin drugs. The colour persists for a long period, 
and thus distinguishes this class of drug from the ellagitannin 
drugs, which may give a temporary pink or purple, passing 
on to a violet, blue, or green under certain conditions (see 
ellagitannins) , colours which are not given under the con- 
ditions named by aloes. 

7. Scopoletin (jS-Methylsesculetin) 

If drugs containing scopoletin are extracted with chloroform 
and the separated chloroformic solution shaken with very 
dilute ammonia solution a greenish-blue fluorescence is pro- 
duced in the ammoniacal layer. A rich fluorescence is given 
by gelsemium and Mexican scammony, poorer results by the 
bark of Prunus serotina, belladonna root, jalap, and the root 
of Convolvulus Scammonia. 

8. Phenolic Resins and Phenols in Volatile Oils 

Many resins and volatile oils contain phenolic bodies and 
consequently will give colour-reactions to iron, oxidising agents, 
etc. Amongst these are the balsams and balsamic resins ; the 
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umbelliferous oleo-gum- resins and sumbul root ; guaiacum 
wood and resin ; red sanders wood ; alkanet root ; the 
volatile oils of cloves, cinnamon, and gaultheria. These may 
be tested in alcoholic solution or extract on filter paper 
with alcoholic ferric chloride, nitrous acid (sodium nitrite in 
45 per cent, alcohol followed by a few drops of acetic acid), 
or ammonia. 

(a) Guaiacum extractives give a brilliant blue to both the 
ferric chloride and the nitrous acid test. 

(b) Alkanet root extractives give a brilliant blue to ammonia 
changed to red by acid. 

(c) Red Sanders wood extractives give a very transient 
rich violet to ferric chloride, and a similar transient colour 
(purple or violet) to ammonia. To sodium nitrite it gives a 
rose-pink, becoming greenish on adding acetic acid. 

(d) Ammoniacum gives a pale purplish (in water) or purplish- 
brown (in alcohol) to ferric chloride, and is distinguished from 
galbanum or asafetida by the negative response to the tests 
for free or combined umbelliferone. 

(e) Drugs containing or yielding umbelliferone. — Sumbul and 
and galbanum contain free umbelliferone, and asafetida yields 
umbelliferone if a tincture is warmed with hydrochloric acid. 
Sumbul and galbanum also give other distinctive results when 
warmed with hydrochloric acid. 

Method of Testing. — ^An alcohoHc extractive or alcohol- 
diluted commercial tincture is used. It should not be too 
strongly coloured. About 5 ml. of this is gradually heated to 
boiling-point with about 10 drops of concentrated hydrochloric 
acid (but not enough to cause precipitation of resin). Any 
colour reaction is noted and the mixture poured into a sufficient 
quantity of alcoholic ammonia (alcohol with a little strong 
solution of ammonia). The final admixture should be quite 
clear and only slightly tinted when viewed by transmitted 
Hght. A blue fluorescence should be shown by reflected light. 
The experiment is repeated without the preliminary warming 
with hydrochloric acid. 

Results : Sumbul and galbanum give beautiful colours to 
the preliminary treatment with hydrochloric acid. These 
colours may be one or more of the following, viz. green, blue, 
violet or purple, and sometimes all of them in succession in 
the order named, the exact result depending upon the strength 
of the tincture, the proportion of acid and the length of the 
heating. Sumbul, galbanum, and asafetida all give a rich 
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fluorescence after tlie treatment with hydrochloric acid upon 
pouring into alcoholic ammonia. Sumbul and galbanum give 
more or less fluorescence without the preliminary treatment 
with hydrochloric acid, but asafetida does not. 

9. Phenolic Alkaloid (Morphine) 

Opium does not contain any very appreciable quantity of 
any plant-phenol belonging to the classes already discussed, 
but its chief constituent, the alkaloid morphine, is a phenol. 
In a sufficiently concentrated solution of the right pH morphine 
gives a good colour-reaction with ferric chloride. This cannot 
be obtained with opium extractives because when these are of 
such a strength and pH that a blue or green colour might be 
expected, other substances, notably meconic acid, interfere. 
The well-known reddish or purplish reaction given by diluted 
opium extractives to ferric chloride, the colour not being 
destroyed by adding dilute sulphuric acid, is due to the non- 
phenolic body, meconic acid. If, however, a little opium 
extractive be diluted to show only a yellowish tint, it will 
develop, after treatment with nitrous acid followed by ammonia, 
an intense brownish- red or reddish-brown colour. This colour 
production is mainly due to the phenolic character of the 
morphine. Most plant-phenols will give similar or other 
characteristic colours to this test. The nitrous acid is fur- 
nished by adding a few small crystals of sodium nitrite and 
then a few drops of acetic acid and warming. This test is 
useful as a general test to distinguish a number of plant 
substances giving negative or very feeble responses, and which 
therefore are unlikely to contain any appreciable amount of 
plant-phenol. We therefore conclude by giving a list of some 
of the more important of such drugs (see Table 9). 

Table i 

Drugs Containing Phlobatannins 

{a) Barks. — Cinnamon, wild cherry, cinchona, willow, acacia, oak * 
and hamamelis. 

(h) Roots and rhizomes. — ^Klrameria and male fern. 

(c) Seeds. — Cocoa, guarana, kola and areca. 

{d) Leaves. — ^Hamamelis * and tea, especially green tea.* 

(e) Extracts and dried juices. — Catechu, acacia and mangrove 
cutches, Bast Indian kino, butea gum and eucalyptus kino. 

* Oak bark also contains a little ellagitannin, and tea a little gallitannin, 
Hamamelis contains two tannins, the more important being a gallitannin. 
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Table 2 

Drugs Containing Pyrogallol- Tannins (Non-Phlobatannins) 

\a) Ellagitannins. — Pomegranate rind, pomegranate bark, myro- 
balans, Turkish galls, eucalyptus leaves, kousso, some Austra- 
lian kinos and oak bark.* 

ip) Gallitannins. — Rhubarb, cloves, red rose petals, bearberry 
leaves, Chinese gaUs and logwood. 

[c) Gallitannins and Phlohatannins. — Hamanielis leaves * and bark, 
the bark of Acacia arabica, some kinos and tea.* 

Table 3 

Drugs Containing Pseudotannins 

{a) Gallic Acid. — ^Rhubarb and most materials which contain 
galhtamiins. 

(6) Cateehins. — Catechu, acacia cutch, many Australian kinos, 
cocoa, guarana and many other drugs containing i 3 hlobatannin. 

(c) Chlorogenie Acid. — Mate, coffee (particularly unroasted) and 

nux vomica (a small quantity only). 

(d) Ipeeaeuanhic Acid. — Ipecacuanha. 

Table 4 

Drugs Containing Pyran-Phenols 

Togwood,t sappan,t red rose petals,! red poppy petals, buckthorn 
berries and probably embelia. 

Table 5 

Drugs Containing Anthoxanthins 

(a) Leaves. — Bearberry, buchu, coca, hamamelis, digitalis, jaborandi 

and stramonium. 

(b) Flowers. — ^Arnica, cloves, elder, grindelia, kousso, red rose 

petals and santonica. 

(c) Fruits and Seeds. — Caraway, fenugreek, lemon and orange peels. 

(d) Roots and Rhizomes. — Gentian, liquorice, picrorhiza, podo- 

phyllum and senega. 

(c) Extract. — Catechu. 


Table 6 

Drugs Containing Emodins and Emodin- Yielding Compounds 

Various species of Rheum, Rhamnus, Cassia and Aloe. Tor specific 
tests for rhubarbs and aloes, see p. 676. Also araroba and 
chrysarobin (seep. 480). 

* Oak bark also contains a little plobatannin, and tea a little gallitannin. 
Hamamelis contains two tannins, the more important being a gallitannin. 
t These drugs also contain tannin. 
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Table 7 

Drugs Containing Scopoletin 

Gelsemium, ipomcea, jalap, tlie root of Convolvulus Scammonia, 
belladonna root and wild cherry bark. 

Table 8 

Drugs Containing Phenolic Resins and Miscellaneous Phenols 

{a) UmTbelliferone Present. — Galbannm (free), sumbul (free), asa- 
f etida (combined) . 

{h) XJmbelliferone Absent. — Guaiacum, alkanna root, red sanders 
wood and ammoniacum. Por specific tests, see p. 678. 

(i;) Phenolic Alkaloid. — ^Morphine. 

Table 9 

Drugs Containing Little or ITo Plant-Phenols or Plant-Phenols 
of a Non- Typical Kind 

(а) Absent. — ^Alstonia, barberry, cascarilla and quillaia barks ; 

quassia wood ; aconite black hellebore, calumba, hydrastis, 
serpentary and squill ; cubebs and strophanthus. 

(б) Non-Typical. — Capsicum, ginger and myrrh. 



CHAPTER XXV 


FLUORpCENCE ANALYSIS 

During recent years the use of filtered ultra-violet light has 
steadily increased in analytical work, and the results of the 
many workers in this field have now appeared in book form.* 
As with everything new, there has perhaps been a tendency to 
over-estimate the value of fluorescence analysis in certain 
cases. Provided, however, that the evidence obtained is taken 
in conjunction with that derived from other sources, there is 
little doubt that byimprovingthe present technique fluorescence 
analysis will find a permanent position in the work of pharma- 
cognosists and others. 

Fluorescence. — ^Many substances, for example, quinine solu- 
tion, when suitably illuminated, emit light of a different wave- 
length or colour from that which falls on them. This emitted 
Hght, which we call fluorescence, ceases when the exciting light 
is removed. Fluorescence thus differs from phosphorescence, in 
which phenomenon the substance continues to emit light after 
the removal of the exciting light. 

Analytical tests based on fluorescence in daylight are not 
much used, as they are usually unreliable, owing to the weak- 
ness of the fluorescent effect. An exception to this is the well- 
known umbelhferone test (p. 678), which is often applied to 
ammoniacum, galbanum, and asafetida. A strongly fluorescent 
solution of umbelliferone can be prepared by boiling galbanum 
with acid and filtering into excess of alcoholic ammonia. Other 
fluorescent solutions which can easily be prepared are quinine 
(in dilute acid), aesculin (by infusing horse chestnut bark), 
chlorophyll (from nettle or parsley leaves), j8-naphthol (dis- 
solved in alkali), and aqueous solutions of the dyes eosin and 
fluorescein. 

* Fluorescence Analysis in Ultra-Violet Light, by J. A. Radley and J. Grant, 
published by Chapman and Hall, Ltd. The information contained in this 
chapter is partly derived from the above book and partly from three articles 
by the author, which appeared in the Pharmaceutical Journal, 1930, pp. 162, 
187, 264. 
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Nature of Rays Producing Fluorescence. — ^When a beam of 
sunlight falls on a glass prism it is split up into the different 
colours or wave-lengths of which it is composed, forming what 
appears to the eye to be a continuous spectrum. The waves 
of visible light are exdremely small, although not so minute 
as those of the ultra-violet region. They vary from about 
8,000 A.U. at the red end of the spectrum to 4,000 A.U. at 
the violet end.* If a spectrum be produced in this way, the 
effect of different wave-lengths or colours on fluorescent 
substances can be investigated. In order to examine the 
effect of rays in the ultra-violet as well as in the visible region, 
the prisms used must be of pure quartz, as the short waves of 
ultra-violet light are not readily transmitted by glass, but will 
pass through quartz. 

The fluorescent substance to be examined, if a liquid, is 
best contained in a test tube of non-fluorescent glass or quartz. 
This is moved through the spectrum from the infra-red end into 
the ultra-violet region. No fluorescence is observed in the 
longer waves, and the region in which fluorescence if first ob- 
served differs for different fluorescent substances. Thus, if we 
use two tubes, one containing eosin and the other quinine solu- 
tion, we find that the eosin starts to fiuoresce in the orange 
region, but quinine remains non-fluorescent until the violet is 
reached. It has been found that fluorescein commences to 
fluoresce at 5,420 A.U., eosin at 5,890 A.U., and naphthalin 
roth '' at 6,320 A.U. A very important generalisation was 
made by Stokes in 1852 to the effect that in fluorescence the 
fluorescent light is always of greater wave-length than the 
exciting light."' This statement is known as Stokes' haw of 
Fluorescence. 

Experience shows that light rich in short wave-lengths is 
very active in producing fluorescence. For this reason strong 
ultra-violet light (such as can be obtained from a tungsten 
arc or mercury- vapour lamp) produces fluorescence in many 
substances which do not visibly fiuoresce in daylight. Fluores- 
cence analysis by means of the Analytic Quartz Tamp is based 
on this fact. 

The Apparatus. — ^The Hanovia Muir " Analytic Tamp, 
illustrated in Figs. 226 and 227, is a useful type of instrument 
for fluorescence analysis. In essentials it consists of a box 

* Light waves are expressed either in millimicrons (p-p-) or in Angstrdm 
Units (A.U.). I millimicron is the one-millionth part of a millimetre and an 
Angstrom Unit is one-tenth part of a millimicron. 
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enclosing a quartz mercury arc tube, some of tlie rays from 
which, pass through a Wood's glass filter to the substance under 
examination. This filter transmits only invisible ultra-violet 
rays ; its characteristics are illustrated in Fig. 228. 



Fig. 226. — The Hanovia Muir Analytic Lamp (table model). The ultra- 
violet rays are generated from the arc tube within the housing ; the 
Wood’s filter is seen pointing obliquely downwards (Flanovia, I..td.). 

The arc tube is a transparent evacuated tube of fused 
quartz, having at each end an electrical connection to an 
internal electrode. The electrodes are coated with electronic- 
emitting substances, so that when current is applied a discharge 
is set up in the gas filling. Inside the tube is a minute amount 
of mercury, which quickly vaporizes in the discharge and builds 
up to a high pressure arc having the known characteristics of 
the mercury arc, see top spectrum, Fig. 228. The arc tube 
requires a minimum mains pressure of 200 volts for successful 
operation, and is operated through a stabilizing reactance or 
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or direct current mains respec- 



resistance unit for alternating 
tively. The arc reaches full 
intensity within three min- 
utes of starting. 

The light from a mercury 
vapour lamp, like ordinary 
white light, contains ultra- 
violet rays. Mercury vapour, 
unlike sunlight, does not give 
a continuous spectrum, but 
the emitted rays are concen- 
trated in separate bands 
or colours between which 
the intermediate colours 
or wave-lengths are almost 
entirely absent (see Fig. 228, 
i). Some of these bright 
bands occur in the visible region of the spectrum and some in the 
ultra-violet. The shorter waves, from 1,870 A.U. downwards, 
cause ozonisation of the air through which they pass, and a 
smell of ozone is always noticed when the lamp is in operation. 


Fig. 227. — The Hanovia Muir Analytic 
Lamp. Avith Wood’s filter removed to 
show tlie arc tube. (Hanovia, Ltd. ) 



Fig. 228. — I, Spectrum of the quartz mercury arc (unfiltered). 

2, Spectrum taken through the special analytic lamp filter. (Han- 
ovia, Ltd.) 


A sheet of ordinary window glass i mm. thick will prevent 
the passage of all ultra-violet rays below 3,000 A.U., whilst a 
thicker glass will cut out many of the longer rays also. 

In unfiltered ultra-violet light fluorescence cannot be 
readily observed, as the intense light from the lamp masks 
the relatively weak fluorescent light. In the Analytic Quartz 
lamp, however, the visible light is entirely absorbed by the 
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Wood's filter. This is 6 inches by 8 inches, made in four pieces 
to obviate cracking under the heat it develops in use. It 
transmits only rays between about 3,000 A.U. and 4,000 A.U. 

(see Fig. 228, 2). The 
brightest band in this 
region is situated at 
about 3,660 A.U. and 
is the most important 
one for exciting fluores- 
cence in substances 
placed in the obser- 
vation chamber. 

The Examination o£ 
Pharmaceutical Products 

(a) Solids and Simple 
Solutions. — Solids may 
be placed directly in 
the observation cham- 
ber, while liquids may 
be examined in non- 
fluorescent dishes or test tubes. Many alkaloids in the 
solid state show distinct colours, e.g. aconitine (light 
blue), berberine (yellow), and emetine (orange). Those alka- 
loids which fluoresce in neutral solution usually show 
an increase in fluorescence on the addition of acid and a 
decrease on the addition of alkali. Pieces of cinchona bark 
when placed under the lamp show a number of luminous 
yellow patches and a few light blue ones. If the inner surface 
of the bark is touched with acid the spot immediately turns 
blue. Ipecacuanha root has a brightly luminous appearance 
wherever the wood is exposed, while the wood of hydrastis 
rhizome shines golden yellow. Areca nuts when cut show a 
light blue endosperm. Slices of calumba appear intensely 
yellow, with the cambium and phloem distinguished by their 
dark green colour. 

(b) Oils, Fats, and Waxes. — Most oils, fats, and waxes 
show some fluorescence when examined in filtered ultra-violet 
light. Speaking generally, fixed oils and fats fluoresce least, 
waxes more strongly, and mineral oils (paraffins) most of all. 
For example, if 10 batches of suppositories are made with 
10, 20, 30, 40, etc., up to 100 per cent, of paraffin wax and 





Fig. 229. — The cover plate detached from the 
Hanovia Muir Analytic Lamp, showing 
Wood’s filter and ventilation louvers. (Han- 
ovia, Ltd.) 
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the remainder cocoa butter, the series can be arranged in the 
correct order under the lamp, those containing the most wax 
having the strongest fluorescence (see Fig. 230) . Similar results 
are obtained by mixing a fixed oil and liquid paraffin in 
different proportions. Butter shows a canary-yellow colour 
under the lamp, and margarine a bluish fluorescence which 
is sufficient to detect 25 per cent, of margarine when mixed 
with butter. The use of the lamp in the examination of olive 
oils is discussed on p. 544. 

(c) Powders may be examined macroscopically as above 
or microscopically by means of a luminescence microscope. 



Fig. 230. — Paraffin wax and cocoa butter in filtered ultra-violet light, i. Pure 
wax ; 2, wax -f- 25 per cent, cocoa butter ; 3, wax + 50 per cent, cocoa 
butter ; 4, wax -1-75 per cent, cocoa butter ; 5, pure cocoa butter. (Lumino- 
gram (fluorescence photograph) by Lieut. -Col. Mansfield, London.) 


In the latter case, if transmitted and not reflected light is to 
be used, it will be necessary to use quartz slides instead of the 
usual glass ones. For details of fluorescent microscopy Radley 
and Grant's Fluorescence Analysis and papers by Wasicky 
should be consulted. In all work on fluorescence one is faced 
with the difficulty of recording the results obtained in a form 
which allows of comparison with other material examined at 
a different date. The Guild colorimeter was used by Morgan 
and Machellan to record the fluorescence of butter and 
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margarine samples in terms of three primary colours — red, 
blue, and green. This apparatus is, however, too expensive for 
general use.* Photographic records, although not entirely 
satisfactory, are useful and require less expensive apparatus. 
lyieut.-Col. Mansfield, of Tondon, has evolved a method of 
making such photographs, to which he has given the name 
'' lytiminograms.'' Such luminograms are shown in Figs. 
230 and 231. Among the uses of the lamp and the fluorescence 
microscope in connection with powdered drugs may be men- 
tioned the detection of ergot in flour, of cocoa shells in powdered 
cocoa, and of rumex in powdered gentian. Different varieties 
of rhubarb may be distinguished from one another. Maheu 
describes Rheum officinale, R, tanguticum, and R. Emodi as 
having a brown fluorescence, and Rheum compactum, R, 



Fig. 231. — Powdered rhubarbs in filtered ultra-violet light. A, Pure Chinese 
rhapontic ; B, Shensi -f- 50 per cent. Chinese rhapontic ; C, Shensi + 20 
per cent. Chinese rhapontic ; D, Shensi -f 10 per cent. Chinese rhapontic ; 
E, pure Shensi. (Luminogram (fluorescence photograph) by Lieut. -Col. 
Mansfield, London.) 

undulatum, R. ribes, and R. rhaponticum as showing a violet 
colour. The colour differences which exist in such cases, 
although quite obvious to the observer, are extremely difficult 
to put into words, and it also frequently happens that con- 
tinued exposure to the ultra-violet light affects the colour and 
intensity of the fluorescence. The British Pharmacopoeia 
now includes a fluorescence test for the detection of rhapontic 
rhubarb (see p. 321). 

(d) Extracts such as chlorophyll, may be examined in 
quartz test tubes. In such cases photographs of the fluores- 
cence spectrum will frequently show the nature of the substance 
under examination. Aqueous extracts of balsam of Peru 

* For a description of the Guild colorimeter and its use in this connection, 
see Trease, P.J., 1930, 264. 
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show a bright blue colour. The fluorescence of commercial 
orange-flower water decreases with age and the lamp may 
therefore be usefully employed for its examination. 

For liquids containing more than one substance in solution 
the capillary analysis method has been successfully applied 
by Danckwortt, Pfau, and Jentschitsch. Non-fluorescent 
filter-paper is cut into strips 30 cm. long and 2*3 cm. wide. 
A I per cent, aqueous extract of the drug is made and divided 
into two portions. To one portion acetic acid is added and to 
the other solution of ammonia. The strips of filter-paper are 
suspended with their ends in these liquids for one hour and 
then examined, either when moist or after drying. Comparable 
results are only obtained if the conditions used in all tests are 
exactly alike. A few of the results obtained are tabulated 
below : — 


Drug. 

Alkaline Solution. 

Acid Solution. 

Catechu 

Reddish-grej^. Yellowish 

zone, shading to brownish- 
violet. Brown edge. 1 

Whitish-yellow, blending to 
bluish. Edge whitish-violet. 

Lavender flowers 

Bright green, with a dark 
brown edge. 

Dark violet, then a very dark 
and a light zone. Pale 
luminous edge. 

Russian liquorice 

Dull yellow-green and grey 
zones. 

The same, but brighter. 

Senna leaves 

Reddish -grey. Dark and 

light grey zones. Lumin- 
ous light yellow edge. 

Yellow to bright grey. Nar- 
row light violet and grey 
zones. Light yellovr edge. 


In conclusion, it may be mentioned that in all cases where 
a fluorescence is observable in daylight it is much more marked 
in ultra-violet light. When performing the well-known 
umbelliferone and quinine tests it should be noted that the 
fluorescence is much more readily seen near a window, where 
the light is relatively rich in short waves, than in a dull or 
artificially illuminated room. Drugs such as copaiba and 
Canada balsam, which only show slight fluorescence in daylight, 
show a strong fluorescence in ultra-violet light. In the case 
of copaiba, it may be noted that samples which appear 
absolutely non-fluorescent in daylight will show strong fluores- 
cence under the lamp. 



CHAPTEE XXVI 

EXERCISES ON THE EVALUATION OF DRUGS 

By H. 0. Meek, Ph.C., and G. E. Trease 

The evaluation of a drug includes its identification and the 
determination of its quality, purity and, if adulterated, the 
nature of the adulteration. At the present time the deliberate 
adulteration of drugs is much less common than was formerly 
the case but their quality often leaves much to be desired. 
Numerous examples of the methods used to evaluate drugs 
have been referred to throughout this book and the present 
chapter is intended as a summary and extension of the subject. 

Samples. — Considerable care must be taken to ensure that 
a sample taken for examination truly represents the whole 
consignment of drug. The sampling of drugs by the Port of 
London Authority is described in Chapter II whilst the methods 
of sampling used in the United States are fully described in 
the U.S.P. 

Preliminary Examination. — ^In the case of whole drugs 
the macroscopical and sensory characters are usually sufficient 
to enable the drug to be identified. The general appearance 
of the sample will often indicate whether it is likely to comply 
with such official standards as the percentage of seed in colo- 
cynth, percentage of ash in valerian, or percentage of matter 
insoluble in alcohol in asafetida. Drugs may, however, 
comply with the descriptions given in the Pharmacopoeia 
and yet be unsatisfactory since it is often difficult to specifically 
describe deterioration of drugs due to faulty harvesting, ship- 
ment or storage or deterioration due to age. In such cases the 
trained worker will be able to infer much of the history of the 
sample from its appearance. The following examples will 
serve to indicate the type of evidence to look for. 

If leaves and similar structures are baled before being pro- 
perly dried much discoloured material may be found in the 
middle of the bale. Overdrying on the other hand makes 
leaves very brittle and causes them to break in transit. If 
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stardi-containitig drugs break with a homy fracture 4t may 
usually be inferred that tbe temperature of drying has been 
too high and that the starch has been gelatinised. A pale 
colour in the case of chamomiles indicates that the drug has 
been collected in dry weather and carefully dried, whilst the 
colour of the fractured surface of gentian is a good indication 
as to whether it has been correctly fermented. Some drugs 
are particularly liable to deterioration if, during shipment or 
storage, they become damp, e.g. cascara. Under moist condi- 
tions moulds readily establish themselves on drugs having a 
high mucilage-content, e.g. psyllium, linseed, squill, and 
cydonia. Evidence of insect attack must also be looked for 
(see Chapter VII) . 

The price of certain drugs depends largely on such factors 
as size and colour which are not necessarily related to thera- 
peutic value. This applies to such important drugs as senna 
leaflets, senna pods, chamomile flowers, ginger, nutmegs, and 
rhubarb. 

Foreign Matter. — The difliculty of obtaining vegetable 
drugs in an entirely pure condition is fully recognised, and 
pharmacopoeias contain statements as to the percentage of 
other parts of the plant or of other organic matter which may be 
permitted. Drugs containing appreciable quantities of potent 
foreign organic matter, animal excreta, insects, or mould 
should, however, be rejected even though the percentage of 
such substances be insufficient to cause the rejection of the 
drug on the percentage of foreign matter. 

In the case of whole drugs a weighed quantity (25 to 500 G. 
according to the type of drug), of a carefully taken sample is 
spread in a thin layer on paper. The foreign matter is picked 
out, weighed and the percentage recorded. Tor foreign organic 
matter in powdered drugs, see Chapter XII and the B.P.C. 

Exercise 1 . — Using 25 G. of a sample of whole buchu ascertain if 
it complies with the requirement contains not more than 5 per cent, 
of the stems and not more than 2 per cent, of other organic matter.’' 

Exercise 2 . — Suitable exercises on the determination of foreign 
organic matter in powdered drugs would be the determination of stalk 
in senna (see Example 2, p. 157) or stem in ipecacuanha. 

Ash Values, — ^When vegetable drugs are incinerated they 
commonly leave an ash containing the elements mentioned 
on p. 55. In the case of many drugs, e.g. rhubarb, the 

* For details see Lupton, Y.B.Pharm., 1938» 2, 225 . 
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percentage of total ash varies within fairly wide limits and is 
therefore of little value for purposes of evaluation. In other 
cases, e.g. peeled and unpeeled liquorice, the total ash figure 
is of importance and indicates to some extent the amount of 
care taken in the preparation of the drug. If the total ash be 
treated with dilute hydrochloric acid the percentage of acid- 
insoluble ash may be determined. This usually consists mainly 
of silica and a high acid-insoluble ash in drugs such as senna, 
cloves, liquorice and tragacanth indicates contamination, 
with earthy material. If a comparatively small percentage of 
acid-insoluble ash (usually due to stones) is present in senna 
leaf any Confection of Senna prepared from it would be un- 
pleasantly gritty. In the case of ginger a minimum percentage 
of water-soluble ash is demanded this being designed to detect 
the presence of exhausted ginger. 

In the determination of ash values the carbon must be 
removed at as low a temperature as possible, since alkali 
chlorides, which may be volatile at high temperatures, would 
otherwise be lost. If carbon is still present after heating at a 
moderate temperature the water-soluble ash may be separated 
and the residue again ignited as described in the B.P. and U.S.P. 
The total ash usually consists mainly of carbonates, phosphates, 
silicates, and silica. If such an ash, sometimes termed a 
“ carbonate ash,'' be overheated the carbonates will be partly 
converted into oxides. It has therefore been suggested * * * § 
that the ash should be '' recarbonated " by treatment with 
solution of ammonium carbonate, evaporated and dried in 
a water-oven. Carbon-free ashes are also readily obtained 
by the use of fuming nitric acid,| but “ nitrated ash " figures, 
are lower than “ carbonate ash " ones. J This method finds 
favour in some Continental countries. 

Exercise 3 . — ^Weigh out about 2 to 3 G. of powdered senna into a 
tared silica crucible and ash as described in the B.P. or U.S.P. Cal- 
culate the percentage of ash in the air-dry drug. The British Pharma- 
copoeia bases its ash values on the drug dried at 100°, but the U.S.P. 
and many workers in this country calculate the result on the air-dried 
drug.§ 

* Liverseege, P./., 1922, 54 , 426. 

t Winkler, Pharm. Zentralh., 1932, 73 , 593, 612, 705. 

t Miiller, Pharm. Zentralh., 1936, 77 , 205, 221. 

§ Some vegetable drugs are extremely difficult to dry to constant weight 
and we have personally found that some gums continue to lose weight for 
weeks when heated at 100°. a 
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£!x6rcis6 4 . — Boil the ash obtained in ^l^xercise 3 with 25 Tnilp of 
dilute hydrochloric acid. Collect the acid-insoluble matter on a filter 
having a known ash-content, wash and ignite to constant weight. 
Calculate^ the percentage of acid-insoluble ash in the air-dry drug. 

Exercise 5 . — Using the B.P. method determine the total ash and 
water-soluble ash (calculated on the drug dried at 100°) of the sample 
labelled " Zingiber. Different students may be supplied with the 
official Jamaica drug, exhausted ginger and Nigerian ginger (cf. p. 270 
and 271). 

Moisture Content of Drugs. — For drugs containing no 
constituents volatile at 100 the method used in Kxercise 6 
is suitable, but for drugs containing volatile constituents, 
e.g. volatile oil, the procedure described 
in Fxercises 7 should be used. 

Exercise 6. — ^Weigh about 10 G. of drug 
(which if whole should first be coarsely ground) 
in a tared dish. Dry at 100° for 5 hours, 
weigh, and repeat the drying and weighing at 
hourly intervals until the loss is not more than 
0-25 per cent, in one hour’s drying. Suitable drugs 
for this exercise are Digitalis and Aloe or fibres 
such as Corchorus, B.P.C. 

Exercise 7 . — ^The moisture content of drugs 
may also be determined by distilling a weighed 
quantity of drug with toluene in the apparatus 
shown in Fig. 232. Details of the method are 
given in the U.S.P. A paper by Tate and 
Warren should also be consulted.* The amount 
of drug taken should be such that about 2 to 
4 cc. of water are collected in the graduated 
receiver C. Measurement of the volume of water 
evolved is facilitated if a trace of methylene blue is 
placed in the receiver. 

Extractive Values — The determination of 
water-soluble or alcoliol-soluble extractive is 
commonly used as a means of evaluating 



drugs the constituents of which are not 
readily estimated by other means. Such 
determinations are useful in the cases of the 
following drugs ; — 


Fig. 232. — Toluene 
Moisture Appar- 
atus (A. Gallen- 
kamp & Co., Ltd.) 


Drug. Method of Evalution. 

Aloes, cascara, gentian and Percentage of water-soluble ex- 
liquorice. tractive. 

Rhubarb . . . . • - Percentage of alcohol (45 per 

cent.) -extractive. 


* Tate and Warren, Analyst, 193b, 61, 367. 
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Drug. 

Ginger, ipomoea, and jalap 

Asafetida, catechu, and 
myrrh. 

Colocynth . . 

Crushed linseed 


Method^of Evahition. 

Percentage of alcohol (90 per 
cent.) -extractive. 

lyimits of alcohol-insoluble mat- 
ter. 

lyimit of light petroleum extrac- 
tive. 

Percentage of ether-soluble ex- 
tractive. 


In certain cases extraction of the drug is by maceration, in 
others by a continuous extraction process. 

Exercise 8. — Determine the water-soluble extractive of a sample of 
liquorice by maceration with chloroform water as described in the B.P. 

Exercise 9 . — Determine the alcohol (45 per cent.) -extractive of 
a sample of rhubarb or the alcohol (go per cent.) -extractive of a sample 
of ginger by maceration as described in the B.P. Note. — American 
students should use the continuous extraction process of the U.S.P. 

Exercise 10 .— Determine the percentage of resin soluble in alcohol 
(90 per cent.) in a sample of jalap by the continuous extraction process 
described in the B.P. 


Determination of Volatile Oil. — ^Minimum standards for 
the percentage of volatile oil in drugs are prescribed by the 
U.S.P. XI. The U.S.P. method is to dry the drug over sul- 
phuric acid extract with ether, remove the solvent by spon- 
taneous evaporation, weigh the extractive, drive of£ the volatile 
oil by heating at 110° and again weigh. This process is a 
very lengthy one and in Britain a distillation method using an 
apparatus such as that recently described by Meek and Salvin 
(i) (Fig, 233) is often used. The drug is placed in the distilla- 
tion flask with water or a mixture of water and glycerine ; 
the oil and water are condensed and the volatile oil collects 
in a graduated receiver in which its volume is measured. For 
oils of high specific gravity separation from the water is assisted 
by placing a known volume of xylol in the receiver. The time 
taken to complete the distillation of the oil naturally varies 
with the nature of the drug and its state of comminution but 
about four hours is usually sufficient. The following volatile 
oil figures of a few important drugs are taken from Meek and 
Salvins' paper which should be consulted for further details. 

* Meek and Salvin, Y.JB.Pharm., 1937, 47 ^'- 4 ^ 5 ’ See also Short, 
Y.B.Pharm,, 1931, 444, and Cocking and Middleton, Y.B.Pharm., 1932, 521, 
and Y.B.Pharm., 1935, 435. 
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1. Whole Drugs (Powdered, when 
necessary, before distillation) — 



Per cent. 

A verage 


oil VjW 

per cent. 

Anise * 

I •3-4*3 

2*2 

Buchu * 

1-5-3 *3 

2*4 

Caraway 

2-I-4-9 

3*5 

Cinnamon * 

0 - 9 - 2-3 

1*3 

Clove * 

15-2— 20-0 

i 6*7 

Fennel * 

0 - 8 -- 2-4 

1*4 

Ginger 

0 * 6 — 2*0 

1*3 

Jumper 

0 * 2 ~ I -2 

0*7 

Myrrh * 

4-0— 10-8 

7*3 

Nutmeg 

4-5-9-8 

6*8 

Pimento * 

• 3*2-5*3 

4*0 

2 . Powdered Drugs of Commerce — 


Per cent. 

A verage 


oil VIW 

per cent. 

Anise * 

2-I-3-2 

2*6 

Caraway 

2-6-4-5 

3*2 

Cinnamon * 

o - 8 ~ i *4 

I-O 

Clove * 

i 6 * o - i 8‘5 

16*9 

Mace . . 

3-6-8-5 

6*4 


Exercise 1 1 . — Using the appar- — r— j— i ' 

atus shown in Fig. 233 determine | ^ 

the percentage of oil in a sample Ij-i - l 

of whole caraway. Take not less 
than 25 G. and place in the dis- || 

tillation flask with about 350 mils _ ^ ^ 

of a mixture of equal volumes of 233.-— Apparatus for Volatile Oil 

water and glycerin and a Uttle Determmatxons. 

pipe-clay. The rate of distillation 

should be adjusted so that about 60 drops per minute fall from the 
condenser. Oil of caraway separates readily having an S.G. of 0-91 
to 0-92 and xylol is not required. As an alternative exercise the caraway 
may be replaced by nutmeg (not less than 10 G. of powder) and the 
dilute glycerine by water. 


Other Examples of Drug Evaluation. — Such determinations 
as alkaloidal assays may be conveniently done in phar- 
maceutical chemistry. The following exercises are listed as 
further examples of drug evaluation which may be carried 
out if time permits : — 

Exercise 12. — Swelling factor of psyllium seeds (see p. 599 )- 

Exercise 13. — Viscosity of tragacanth by the falling sphere method 
(seeB.P.C.). 

Exercise 14. — Optical rotation of honey. 

Exercise 15. — ^Refractive Index of oil of lemon. 


A known volume of xylol was placed in the receiver before distillation. 
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Exercise 16. — ^Nitrogen estimation of saffron by Kjeldahl method 
(see p. 561). 

Exercise 17. — Crude fibre in clove by tJ.S.P. method. 

Exercise 18. — Acid value of colophony resin by B.P. method. 
Exercise 19, — Determination of oil in linseed meal. 

Exercise 20. — EJxamination of genuine and adulterated powdered 
rhubarbs in ultra violet light. 

Exercise 21. — Pungency of capsicum (see Berry & Samways, 
Y .B .Phaym., 1937, 3 ^ 7 ] 
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This map shows the areas covered by Maps i to 9. 

It also marks the regions in which cod liver oil, marked ® on the map, 
and spermaceti, marked d) on the map, are collected. 
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Map I. NORTH AMERICA 


Number 


on 

Map 

urug 

I. 

Resin 

2. 

Pine Tar 

3 - 

Maize Starch 

4. 

American Veratrum 

5 - 

Cannabis 

6. 

Serpentary (Texan) 

7 - 

Serpentary (Virginian) 

8. 

Podophyllum (American) 

9. 

Cotton 

10. 

Tinseed 

TI. 

Temon Peel and Oil 

12. 

Senega 

13- 

Cascara 

14. 

Witch Hazel 

15. 

Wild Cherry 

16. 

Olive Oil 

17. 

Peppermint 

18. 

Spearmint 

19. 

Stramonium 

20. 

Henbane 

21. 

Belladonna 

22. 

Digitalis 

23. 

Ivobelia 

24. 

Honey and Beeswax 

25. 

Cod Liver Oil 

26. 

Spermaceti 

27. 

Briodictyon 


References 

p . 205 and Map 4 
p 208 and Map 4. 
p go and Max^s 2, 3, 4, and 5 
p 232. 

p 300 and Maps 5 and 6. 
p 308. 
p 309. 
p 362. 

p 129 and Maps 3, 5, and 6, 
p 412 and Max^s 3 and 6. 
p 431 and Max^s 3, 4, and 9. 
P 443 - 

p 447 and Max:> 5. 

P 453 - 
P 459. 

p 543 and Maps 4, 5, and 9. 
p 570 and Map 4. 
p 571 and Map 4. 
p 572 and Map 4. 
p 577 and MaxD 4. 
p 581 and Map 4. 
p 592 and Map 4. 
p 626. 

p 648 and Maj>s 2, 3, 4, 5, 
and 9. 

p 655 and Map 4. 
p 659 and Maps 7 and 9. 
p 566. 
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Number 

on 

Map 

I. 

2r. 

3 * 

4 * 

5 * 

6 . 

7 - 

8 . 

9 - 

10. 

11. 

12 . 
13 - 

14. 

15. 

16. 

17- 


18. 


Map 2. CENTRAL AMERICA AND WEST INDIES 


References 


Maize Starch 
Aloes 

Sarsaparilla (Costa Rica) 

,, (Honduras) 

,, (Vera Cruz) 

,, (Native 

J amaica) 


Ginger 

Nutmeg 

Lemon Peel and Oil 
Quassia 

Storax (American) 
Quillaia 

Balsam of Peru 
Tamarinds 
Jalap 
Ipomoea 

Honey and Beeswax 


Cochineal 


p. 90 and Maps i, 3, 4, and 5. 
p. 238 and Map 5. 
p. 254. 

P- 255- 


p. 256. 


p. 256. 
p. 265. 

p. 330 and MaxDS 6 and 8. 
p. 431 and Maps i, 4, and 9. 
p. 438. 
p. 456. 

P- 463- 
p. 482. 
p. 502. 

j). 560 and Maj) 6. 

P- 563 

p. 648 and Maps i, 3, 4, 5, 
and 9. 

p. 650 and Maj) 5. 



CENTRAL AMERICA AND 
WEST INDIES 


Sj 



LAND ABOVE 1000, FEET (TTZl 
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Map 3. SOUTH AMBRICA 


Number 

on 

Map 

Maize Starch. 

Black Mustard 
Cotton 
Binseed 
Coca 
Quillaia 
Chrysarobin 
Balsam of Tolu 
Krameria 
Copaiba 
Cinchona 

Ipecacuanha (Rio) 
Ipecacuanha (Cartagena) 
Honey and Beeswax 


References 

p. 90 and Maps i, 2, 4, and 5 

p. 386 and Map 4. 

p. 129 and Maps i, 5, and 6. 

p. 412 and Maps i, 4, and 6. 

p. 414 and MaxD 8. 

p. 463 and Map 2. 

p. 479. 

p. 480. 

p. 505- 

p. 506. 

p. 600 and Maps 6 and 8 
p. 609 and Map 8. 
p. 613. 

p. 648 and Mai)S i, 2, 4, 5> 
and 9. 


1. 

2. 
3 - 
4 * 
5 - 
6 . 

7 - 

8 . 

9. 

10. 

11. 

12. 

13* 

T4- 
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Map 4. EUROPE) 


Number 

on Drug 

Map 

1 . Ergot 

2. Male Fern 

3. Lycopodium 

4. Resin 

5. Pine Tar 

6. Savin 

7. J uniper Tar Oil 
Maize Starch 

Colchicum Corni and Seeds 
I o. Squill 

11. Galls 

12. Aconite 

13. Opium 

14. Black Mustard 

15. Althaea 

16. Linseed 

17. Orange Peel 

ik Lemon Peel and Oil 

19. Storax (Levant) 

20. Liquorice 

21. Tragacanth (Anatolian) 

22. Fennel 

23. Coriander 

24. Caraway 

25. Dill 

26. Olive Oil 

27. Gentian 

28. Peppermint 

29. Spearmint 

30. Stramonium 

31. Henbane 

32. Belladonna 

33. Digitalis 

34. Valerian 

35. Chamomiles 

36. Cantharides 

37. Honey and Beeswax 

Cod Liver Oil 
Spermaceti 


References 


p. 187. 

p- 195. 
p- 199. 

205 and Map i. 

208 and Map i. 

216. 

218. 

p. 90 and Maps 1, 3, and 5. 
pp. 236 and 237. 
p. 249. 
p. 292. 

p- 348- 

P* 373 a.nd Map 6. 
p. 386. 

P- 399. 

p. 412 and Maps 1,3, and 6. 
p. 428. 

p. 431 and Maps 1,2, and 9. 
P- 455 - 

p. 470 and Map 6. 
p. 484 and Map 6. 
p. 520. 

P- 524. 
p. 526. 
p. 528. 

p. 543 and Maps 1,5, and 9. 

P- 551. 

p. 570 and Ma|) i. 
p. 571 and Map i . 
p. 572 and Map i. 
p. 577 and Map i. 
p. 581 and Map i. 
p. 592 and Map i. 
p. 622. 
p. 630. 
p. 645. 

p. 648 and Maps i, 2, 3, 5, 
and 9. 

p. 655 and Maps o and i. 
p. 659 and Maps o, i, 7, and 9. 


38. 

39. 
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Map 5. AFRICA 


Number 

on ‘"‘'6 

Map 

1. Maize Starch 

2. Aloes 

3. Cannabis 

4. Calumba 

5. Colocynth 

6. Cotton 

7. Buchu 

8. Myrrh 

9. Cascara 

10. Acacia 

11. Senna 

12. Cloves 

13. Coriander 

14. Caraway 

15. Olive Oil 

16. Nnx Vomica 

17. Strophanthus 

18. Chilhes 

19. Honey and Beeswax 

20. Cochineal 


References 


p. 90 and Maps i> 2, 3, and 4 
p. 238 and Map 2. 
p. 300 and Maps i and 6. 

p. 3^7- 


P- 392- 

p. 129 and Maps i, 3, and 6. 
p. 421. 

p. 447 and Map i. 
p. 491- 

p. 495 and Map 6. 

p. 511 and Map 8. 

p. 524 and Maps 4 and 6. 

p. 526 and Map 4. 

p, 543 and Maps i, 4, and 9* 

p, 546 and Map 6. 

P 555- 
P 587- 

p 648 and Maps i, 2, 3, 4» 
and 9. 

p 650 and Map 2. 
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Map 6. S.W. ASIA AND INDIA 


Number 

on 

Map 

1. Aloes 

2. Cardamom 

3. Cannabis 

4. Nutmeg 

5. Cinnamon (Ceylon) 

6. Podophyllum (Indian) 

7. Opium 

8. Cotton 

9. Dinseed 

10. Liquorice 

11. Tragacanth ^Persian) 

12. Senna 

13. Coriander 

14. Asafoetida 

15. Nux Vomica 

16. Jalap 

17. Cinchona 

18. Honey and Beeswax 


References 

238 and Maps 2 and 5. 

273. 

300 and Maps i and 5. 
330 and Maps 2 and 8. 
33^5. 

3 < 35 - 

373 and Map 4. 

129 and Maps i, 3, and 5. 
412 and Maps i, 3, and 4. 
470 and Map 4. 

484 and Map 4. 

495 and Map 5. 

524 and Maps 4 and 5. 
531 - 

546 and Map 5. 

560 and Map 3, 

600 and Maps 3 and 8. 

648 and Maps i, 2, 3, 4, 
and 9. 
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Map 7. EASTERN ASIA 


Number 

on 

Map 

1. 

2. 

3 * 

4 * 

5 ' 

6 . 


Drug 


Agar 

R±Lubarb 

Cinnamon (Saigon) 
Campbor 
Benzoin (Siamese) 
Spermaceti 


References 


p. 182. 
p. 310 - 
p. 344. 

P- 346. 

P* 54 

p. 659 and Maps o, i, 4, and g. 
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Map 8. BAST INDIBS 


ISfumber 

on 

Map 

1 . Nutmeg 

2. Coca 

3. Cloves 

4. Oil of Cajuput 

5. Benzoin (Sumatra) 

6. Cincliona 

7. Xpecacuanlia ( J oliore) 

8. Gambir 


References 

p. 330 and Maps 2 and 6. 
p. 414 and Map 3. 
p. 511 and Map 5. 
p. 518. 

P- 539. ^ ^ 

p. 600 and Maps 3 and 6. 

p. 612 and Map 3. 
p. 615. 
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Map g. AUSTRAI.IA AND NDW ZBADAND 


Number 

on Drug 

Map 

I- Australian Sandalwood Oil 
2. Demon Peel and Oil 
3- Bncalyptns Oil 
4. Olive Oil 
5- Honey and Beeswax 

Spermaceti 


References 


P- 307- 

p. 431 and Maps i, 2, 
p. 516- 

p. 543 and Majjs i, 4, 
p. 648 and Maps i, : 
and 6. 

p. 659 and Max3S o, i, 


and 4. 

and 5. 
3 , 4 , 

and 7. 
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GLOSSARY OF LATIN WORDS USED IN 
NAMING SPECIES 


Acmninatus, a, um, pointed, sharp, e.g. Fusanus acuminatus. 
Acutus, a, um, pointed ; folium, leaf, e.g. Cassia acutifolia, 

Alatus, a, um, winged, e.g. Rhus semialata. 

Alhus, a, um, white, e.g. Brassica alba. 

Alpinus, a, um, alpine, e.g. Rumex al^inus. 

Amarus, a, um, bitter, e.g. Quassia amara. 

Ambrosia, ae, immortality, the food of the gods, e.g. Chenopodiim 
ambrosioides. 

Ammoniacum, i, a gum~resin prepared near the temple of Jupiter 
Ammon, e.g. Dorema ammoniacum. 

Augustus, a, um, narrow ; fohum, a leaf, e.g. Cassia angustifolia. 
Annuus, a, um, of a year’s duration, e.g. Capsicum anmmm. 
Authelminticus, a, um, against worms, e.g. Brayera anthelmintica. 
Arhoreus, a, um, like a tree, e.g. Gossypium arboreum. 

Argenteus, a, um, silvery, e.g. Krameria argentea. 

Arista, as, the beard of an ear of corn, e.g. Berberis aristata. 
Aromaticus, a, um, aromatic, e.g. Eugenia aromatica, 

Arundinaceus, a, um, like a reed, e.g. Maranta arundinacea. 
AutumnaHs, e, of the autumn, e.g. Colchicum autumnale. 

Balsameus, a, um, balsamic, e.g. Abies balsamea. 

Betula, se, the birch, e.g. Barosma betulina. 

Brevis, e, short, little ; folium, leaf, e.g. Artemisia brevifolia. 

Calamus, i, a reed, a cane, e.g. Acorus Calam^cs. 

Campester, campestris, of the fields, e.g. Brassica campesfris. 
Campus, i, a plain, a field, e.g. Grindelia camporum. 

Candidus, a, um, white, clear, shining, e.g, Marrubium candidissi- 
mum. 

Cauinus, a, um, canine, e.g. Rosa canina. 

Capillaceus, a, um, hair-like, e.g. Fceniculum capillaceum. 
Catharticus, a, um, cathartic, e.g. Rhamnus cathartica.^ 

* Students are reminded that the names of trees in Latin are feminine and 
that botanical names such as Ulmus fulva and Pyunus sevotina are no exception 
to the rule that the adjective agrees in gender with^the noun. 
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Centifolia rosa, the hundred-leaved rose (Pliny), Rosa centifoUa. 
Ceriferus, a, um, wax bearing, e.g. Copernica cerifera. 

Cichorjum, ii, chicory, endive, e.g. Mylabris cichorii. 

Clava, ae, a knotty branch, a club, e.g. Lycopodium clavaUim, 
Coccineus, a, um, scarlet coloured, e.g. Chrysanthemum coccineum. 
Communis, e, common, e.g. Juniperus communis. 

Coriarius, a, um, of or pertaining to leather, e.g. coriaria. 

Crispus, a, um, crisped, curled, indented, e.g. Chondrus crispus. 
Crocatus, a, um, saffron-like, e.g. CBnanthe crocata. 

Cuneus, i, a wedge, e.g. Grindelia cundfoUa. 

Cyllene, a mountain of Arcadia, e.g. Acacia cylleneus. 

Dealbatus, a, um, whitewashed, plastered, e.g. Acacia dealbata. 
Dififusus, a, um, spread., poured out, e.g. Turner a diffusa. 

Discolor, discoloris, of another colour, e.g. Salix discolor. 
Domesticus, a, um, belonging to the house, e.g. Prunus domestica. 

Echinatus, a, um, set with prickles, e.g. Prunus echinata. 

Edulis, e, eatable, e.g. Canna edulis. 

Emeticus, a, um, emetic, e.g. Psychotria emetica. 

Equisetum, i, horsetail, e.g. Ephedra equisetina. 

Erinaceus, i, a hedgehog, e.g. Pterocarpus erinaceus. 

Europaeus, a, um, of Europe, e.g. Olea europcea. 

Excelsus, a, um, lofty, high, e.g. Picea excelsa. 

Fastuosus, a, um, full of pride, haughty, e.g. Datura fastuosa. 
Ferox, ocis, wild, savage, e.g. Aloeferox. 

Filix, icis, a fern ; mas, maris, male, e.g. Dryopteris Filix^mas. 
Fistula, se, a pipe, a reed, e.g. Cassia fistula. 

Foetidus, a, um (fetidus, a, um), fetid, e.g. Ferula fcetida. 

Fragilis, e, fragile, easily broken, e.g. Salix fragilis. 

Fragrans, tis, fragrant, e.g. Myristica fragrans. 

Frondosus, a, um, full of leaves, leafy, e.g. Butea frondosa. 

Fulvus, a, um, yellow, tawny, e.g. Ulmus fulva. 

Galbanus, yellow ; fluo, to flow, e.g. Ferula galbaniflua. 

Glabrus, a, um, bare, free from hairs, e.g. Glycyrrhiza glabra. 
Glanduliferus, a, um, gland-bearing, e.g. Glycyrrhiza glandulifera. 
Glaucus, a, um, bright, gleaming, greyish (Glaucus, i, a bluish- 
coloured fish mentioned by Pliny), e.g. Simaruha glauca. 
Globosus, a, um, round, spherical, e.g. Mimusops globosa. 

Globulus, i, a little ball, e.g. Eucalyptus globulus. 

Glutinosus, a, um, full of glue, viscous, e.g. Alnus glutinosa. 

Gratus, a, um, that which produces favour, agreeable, e.g. Stro- 
phanthus gratus. 

Graveolens, tis, smelling strongly, stinking, e.g. Peucedanum 
graveolens. 
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Grossus, a, um, thick (Grossus, i, an unripe fig), e.g. Capsicum 

grossum. 

Grummifer, era, erum, gum-bearing, e.g. Astragalus gummifer, 

Herbaceus, a, um, grassy, herbaceous, e.g. Gossypium herhace^lm. 
Hirtus, a, um (also hirsutus, a, um), rough, shaggy, e.g. Euphorbia 
hirta. 

Hispidus, a, umj rough, shaggy, hairy, e.g. Strophanthus hispidus. 
Holosericus, a, um, all of silk, e.g. Cassia holoserica. 

Horridus, a, um, standing on end, rough, prickly, e.g. Acacia 
horrida. 

Hypogaeus, a, um, underground, e.g. Arachis hypogcea. 

Indicus, a, um, of India, e.g. Sesamum indicum. 

Infectorius, a, um, that serves for dyeing, e.g. Quercus infectoria. 
Inflatus, a, um, swollen, inflated, e.g. Lobelia inflata. 

Innoxius, a, um, harmless, innocuous, e.g. Datura innoxia. 

Inodorus, a, um, without smell, e.g. Matricaria inodora. 

Lanatus, a, um, woolly, e.g. Digitalis lanata. 

Latifolius, a, um, broad-leaved, e.g. Anogeissus latifolia. 

Lentiscus, i, the mastich-tree, e.g. Pistacia lentisc^is. 

Luteus, a, um, yellow, orange, e.g. Genfiana lutea. (N.B. — Luteus, 

a, um, of mud or clay.) 

Maculatus, a, um, spotted, e.g. Conium macidatum. 

Marginatus, a, um, furnished with a border, e.g. EucalypUis margi- 
nata. 

Maritimus, a, um, maritime, e.g. Artemisia maritima. 

Maximus, a, um, greatest, e.g. Cucurbita maxima. 

Medicus, a, um, healing, curing, e.g. Smilax medica. 

Mellificus, a, um, honey-making, e.g. Apis mellifica. 

Microphyllus, a, um, small-leaved, e.g. Pilocarpus microphyllus . 
Minimus, a, um, smallest, e.g. Capsictim minimum. 

Minusculus, a, um, somewhat little, e.g. Elettaria Cardamomum, van 
minus cula. 

Modestus, a, um, moderate, e.g. Acacia modesta. 

Montanus, a, um,-of or from a mountain, e.g. Arnica montana. 
Muricatus, a, um, shaped like a purple fish, pointed, e.g. Ipomcea 
muricata. 

Muticus, a, um, curtailed, docked, e.g. Hyoscyamus muticus. 

Niger, gra, grum, black, e.g. Hyoscyamus niger. 

Mtidus, a, um, shining, bright, e.g. Gelsemdum nitidum. 

Nobilis, e, known, famed, e.g. Laurus nohilis. 

Nodosus, a, um, knotty, e.g. Fucus nodosus. 
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OccidentaJis, e, western, westerly, e.g. Anacardium occidmtale. 
Odoratus, a, um, sweet smelling, e.g. Difteryx odorata. 

Ofidcina, se, a workshop or shop, e.g. Alpinm 

Officinalis, e, of a workshop or shop, officinal, e.g. Calendula 

Oppo^^usT^^u™-, set against, set opposite, e.g. Dipteryx opposite 

Orientalis, e, eastern, oriental, e.g. Liquidamhar onentalis. 

Ornatus, a, um, equipped, splendidly furnished, e.g. Smtlax ornata. 
Ornus, i, the wild mountain ash. e.g. Fraxmus ornus. 
n-o-sitn*? a n m . €£ffif-stia.p6d., ovat6, c.ff- PloLfitu^o ovoid. 

Oxycedrus, i, a species of cedar with pointed leaves, e.g. Jumperus 
Oxycedr^is. 


Palmatus, a, um, like the palm of the hand, e.g. JateorUza palmata. 
Paluster, tris, tre, marshy, swampy, e.g. Pwuspalustns. 

Panicula, m, a tuft, a panicle, e.g. AnamiHa pamculata. 

Pere^S^^a, um, that comes from foreign parts, exotic, e.g. 

Mamibium peregrinum. 

Pn+fltor oris, a drinker, e.g. Strychnos potatorum. . 

?rofumbr cuU, cuhitum, ere, to faU forward, e.g. GauUhey^a 

PropffiqST.^rum, near, neighbouring, e.g. DcBmonorops propinquus. 
Precator, oris, one that prays, e.g. Abrus precafortus. 

Prnrio ire to itch, e.g. Mucuna prurtens. 

Psyllium, ii, a plant fleabane or fleawort mentioned by Plmy, e.g. 

PulcSuS, u^T^utiful, little, e.g. BarosfM , 

iunctum, i, prick of a needle, point, dot e.g^ Monarda punctata. 
Purpureus, a, um, purple, e.g. Dig%talis purpurea. 

Eeli^osust'*’a um, reverencing or fearing the gods, e.g. Ficus 
resinifera. r^firulated e g Aristolochia reticulata. 
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Sanctus, a, um, sacred, e.g. G^iaiacum sanctum, 

Sarmentosus, a, -uni, full of twigs or little branches, e.g. Sirophanthus 
sarmentosus. 

Sativus, a, um, cultivated, e.g. Croctis sativus. 

Sempervirens, tis, always green, e.g. Buxus sempervirens. 

Serotinus, a, um, late, that happens or does anything late, e.g. 
Prumts serotina, 

Serpentaria, as, snakeweed, e.g. Aristolochia Serpentaria. 

Serratus, a, um, jagged like a saw, serrate, e.g. Fuciis serraUis. 

Serrula, se, a small saw, e.g. Barosma serrulatum, 

Simulans, antis, imitating, e.g. Ipomcea simulans. 

Somnifer, era, erum, sleep-bearing, soporific, deadly, e.g. Papaver 
somniferum. 

Speciosus, a, um, good-looking, beautiful, e.g. Hancornia speciosa. 

Spica, se, point, ear, spike, e.g. Lavandula spica. 

Spinosus, a, um, full of thorns or prickles, e.g. Eucheuma 
spinosum. 

Spinulosus, a, um, full of little thorns or prickles, e.g. Dryopteris 
spinulosa. 

Squarrosus, a, um, scurfy, scabby, e.g. Grindelia squarrosa. 

Suaveolens, entis, sweet-smelling, fragrant, e.g. Ferula suaveolens. 

Succedaneus, a, um, that replaces, that substitutes, e.g. Rhus 
succedanea. 

Succulentus, a, um, full of juice, succulent, e.g. Barosma succu- 

Sylvestris (silvestris) , e, of or belonging to a wood or forest, e.g. 
Pinus sylvestris. 

Taeda, ae, a resinous species of pine, e.g. Pinus Tcada, 

Tenuis, e, thin, fine, close, e.g. Osyris tenuifolia. 

Tinctorius, a, um, of or belonging to dyeing, e.g. Alkanna tinctoria. 

Toxicum, i, arrow-poison, poison ; ferro, tuli, latum, ferre, to bear, 
e.g. Strychnos toxifera. 

Tuberosus, a, um, full of lumps or protuberances, e.g. Solanum 
tuberosum. 

TJncinatus, a, um, hooked, e.g. AconiUim uncinatum. 

XTsitatissimus, a, um, the most usual, most common, e.g. Linum 
usitatissimum. 

ITvifer, era, erum, cluster bearing, producing grapes, e.g. Coccoloba 
uvifera. 

Variabilis, e, changeable, variable, e.g. Agathosma variahilis. 

Variego, avi, atum, are, to make of various colours, to variegate, 
e.g. Aconitum variegatum. 

Venenum, i, poison, charm, dye, e.g, Physostigma venenosum. 

Venustus, a, um, graceful, beautiful, e.g. Barosma venusta. 
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Verus, a, um, true, e.g. Illiciitm verum. 

Vesicula, se, a little bladder, e.g. Fucus vesiculosus. 

Villosus, a, um, hairy, shaggy, rough, e.g. Amomum mllosum. 
Viminalis, e, of or belonging to osiers, e.g. Salix viminalis. 
Viridis, e, green, e.g. Veratrum viride. 

Virosus, a, um, full of or covered with slime, e.g. Lactuca virosa. 
Vitellina, ae, calf’s flesh, veal, e.g. Salix vitdlina. 

Vulgaris, e, common, ordinary, e.g. Marruhium vulgare. 
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pp., 210 , 2 II 

Abvus precatorius, 466 
Absorbency test, 143 
Acacatechin, 620 
Acacia Gummi, 97, 491 
Acacia spp., 467 
— Catechu, 620 
■ — , Senegal, 491 
— , Seyal, 492 
Achillea Millefolium, 630 
Acid, abietic, 206 
— , aconitic, 352 
— , aleuritic, 654 
— , alginic, 122, 181 
■ — , alkannic, 566 
— , anchusic, 566 
— , angelic, 632 
— , anthemic, 632 
— , arachic, 33, 477 
— , ascorbic, 591 
— , benzoic, 416, 539, 542 
— , butyric, 197 

— , caffeotannic, 405, 446, 549, 673 

— , canadinolic, 210 

— , cantharidic, 647 

— , carminic, 652 

— , catechutannic, 620 

— , cerotic, 650 

— , cliaulmoogric, 389 

— , chavicinic, 323 

— , chlorogenic, 405, 446, 549, 673 

— , chrysopbanic, 319, 479 

— , cinchotannic, 608 

— , cinnamic, 416, 456, 541 

— , citric, 436 

— , colopbenic, 206 

— , commiplioric, 442 

— , convolvulinic, 562 , 

— , copaivic, 508 
— , conmarinic, 470 
— , cubebic, 325 
— , dihydrbxycinnamic, 534 
— , ellagic, 538 
— , ferulic, 534 
— , filicic, 197 
— , gadoleic, 658 
— , gallic, 293, 673 
— , gentisic, 554 
— , glycuronic, 473 
— , glycyrrhetic, 473 
— , glycyrrhizic, 473 
— , guaiaconic, 419 
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Acid, hydnocarpic, 389 
— , liydroxycinnamic, 470 
— , ipecacuanhic, 614, 673 
— , valerianic, 625 

— , jalapinolic, 564 
— , kinotannic, 478 
— , krameria-tannic, 506 
— , laccaic, 653 
— , lanoceric, 662 
— , lauric, 33 
— , linoleic, 33 
— , linolenic, 413 
— , linolic, 413 
— , lobelic, 629 
— , lysergic, 190 
— , mandelic, 457 
— , meconic, 380, 382 
— , melissic, 33 
— , myristic, 33, 264 
— , oleic, 33 
— , opianic, 362, 382 
— , palmitic, 33 
— , picea-pimarolic, 212 
— , pilocarpic, 428 
— , pima^ic, 206 
piperic, 323 
— , polygalic, 445 
— , quillaic, 465 
— , quinic, 608 
— , ricinoleic, 408 
— , santoninic, 636 
— , sarsapic, 257 
— , slielloic, 654 
— , stearic, 33 
— , tannic, 293 
— , tartaric, 503 
— , tiglic, 632 
— , tropic, 576, 577 
— , truxillic, 416 
— , umbellic, 534 
— , nronic, 490 
— , valerianic, 621, 625 
— value, 544 
Acipenser huso, 663 
Aconine, 352 

Aconites, European, 349, 353 
— , Indian, 354 
— , Japanese, 354 
— , Soviet, 355 
Aconitines, 352, 353 
Aconitum anthora, 354 
— Balfourii, 353 

723 
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Aconitum cammayum, 350 

— chasmanihum, 355 

— deinorhizum, 353, 355 

— hater ophyllum, 355 
— JLycoctonum, 353 

— Napellus, 58, 348, 353 

— paniculatum, 349 

— spicatum, 353 

— Storckianum, 353 

— tianschanicum, 356 

— uncinatum, 353 

— variagatum, 350 
Acrinyl isothiocyanate, 385 
Acicaa racemosa, -357 
Adeps, 660 

— Lanse, 661 
M.gle Marmelos, 437 
Aframomum spp., 281, 282 
Agar, 182 

Aglucone, 28 

Agropynim, 226 

Ailanthus glandulosa, 437, 584 

Alantolactone, 63 8 

Albumins, 121 

Alchemy, 7 

Alcohol, cetyl, 34 

— , melissyl, 34 

Alcohols, resin, 43 

Aleurone, 120, 12 1 

Alexander the Great, 5 

Algin, 1 81 

Alkaloids, 31, 121 

Alkanna tinctoria, 565 

Allspice, 515 

Allyl isothiocyanate, 385, 386 

Almonds, 462 

Aloe, 97, 238, 676 

Aloe spp., 238 

Aloe-emodin, 319, 498 

Aloes, Barbados, 244 

— , Cape, 242 

— , Curagao, 244 

— , Socotrine, 240 

— , Zanzibar, 241 

Aloin, 246 

Alpinia spp., 271 

Alstonia spp., 555 

Althcaa officinalis, 58, 399 

Althaea Radix, 399 

Ambergris, 659 

Ambrein, 660 

American frankincense, 204 

— hellebore, 232 

— veratrum, 232 

— wormseed, 326 
Ammoniacum, 536 
Amomum spp., 281 
Amygdalase, 463 
Amygdalin, 31, 457 


Amylase, 47 
Amylose, 87 
Amylodextrin, 334 
Amylopectin, 87 
Amylum, 89—91 
Aniyris spp., 307, 440 
Anacyclus Pyrathrum, 630 
Anamirta paniculata, 367, 369 
Anchusse Radix, 565 
Andira araroba, 479 
Anethole, 328, 523 
Anethum, 528 
Anathum graveolens, 528 
— Soma, 529 

Angiospermas, characters, 180 
Aniseed, 529 

Anisi Stellati Fructus, 327 
Annatto, 388 

Anogeissus latifolia, 494, 509 
Anthemidis Flores, 630 
Anthemis nohilis, 58, 630 
Anther caa spp., 127 
Anthocyans, 674 
Anthoxanthins, 675 
Anthranols, 247, 248, 480 
Anthraquinones, 29, 96, 319, 449, 
498, 500 
Anthrones, 480 
Apii Fructus, 519 
Ap^s 5iS, 649 

g.-'i/cc'. .r.s. 519 
Apocynace®, 555 
Apocynum cannahinum, 559 
Apparatus, 75 
Aquifoliaceae, 445 
Arabinose, 28, 494 
Arachis hypogcea, 35, 477 
Arachnoidiscus Ehrenbergii, 183 
Araroba, 479 
Arbutin, 537 

Arciostaphylos Uva-ursi, 537 
Areca Catechu, 230 
Areca nut, 230 
Arecoline, 231 
AHstolochia argentina, 309 

— reticulata, 308 

— Serpantaria, 309 
Aristolochiacese, 307 
Arnicae Flores, 635 

Arnica montana, 260, 635, 636 
Amicin, 636 

Arrowroot, East Indian, 87 
— Florida, 86 
-, Queensland, 87 
Artemisia spp., 348, 636 

— cina, 636 
Asafetida, 531 
Asaresinol ferulate, 534 
dsarum spp., 308 
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Ast^estos, 146 
ridole, 326 
^ manna, 545 
i of plants, 55 
.„JL values, 20, 143, 691 
4 paragine, 48, 399, 474 
^spidinol, 197 
^spidium, 195 
[Aspidium spp., 195, 198 
{Astragalus spp., 484, 491 
ASdiyrium Filix-fcemina, 198 
Atis'ines, 352 

Atropa Belladonna, 58, 581, « 
— lutescens, 587 
Atropitie, 576 
Aurantiamarin, 430 
Aurantii Amari Cortex, 428 
Autumn crocus, 234 
Avena saliva, 225 


Balsam, Canada, 209 
— , copaiba, 506 
— , Peru, 482 
— , Tolu, 480 
Balsamic acids, 4S2 
Balsams, 43, 455, 480 
Balsamum Peruvianum, 482 
— Tolutanum, 480 
Bandages, 143-146 
Barbaloin, 248 
Barbasco, 477 
Bark, acacia, 467 
— , alder buckthorn, 451 
— , alstonia, 555 
— , Angostura, 419 
— , black haw, 621 
— , canella, 389 
— , cascara, 447 
— , cascarilla, 409 
— , cassia, 344 
— , cinchona, 600 
— , cinnamon, 336 
— , cotton root, 400 
— , cusparia, 419 
— , elm, 296 
— , euonymus, 446 
— , frangula, 451 
— , hamamelis, 455 
— , mezereon, 509 
— , oak, 291 

— , pomegranate root, 510 
— , prunus serotina, 459 
— , quillaia, 463 
— , Saigon cinnamon, 344 
— , sassy, 467 
— , slippery elm, 296 
— , soap, 463 
— , toddalia root, 419 


Bark, Virginian prune, 459 
— , wahoo, 446 
— , wild cherry, 459 
— , willow, 288 
— , witch hazel, 455 
Barks, description of, 171 
Barosma spp., 153, 154, 424 

— betulina, 421 

— crenulata, 422 

— serratifoUa, 422 
Bassorin, 490 
Baudouin’s test, 565 
Bdelliums, 443 
Beeswax, 649 
Beetles, 69, 645 
Belae Fructus, 437 
Belladonnse Folia, 107, 581 
Belladonnas Radix, 584 
Benzoin, Palembang, 542 
— ,• Siamese, 541 

— , Sumatra, 539 
Benzoylaconine, 352 
Berberidaceae, 359 
Berberine, 359, 362 
Bevheris spp., 360-362 
Beta vulgaris, 27 
Betel nut, 230 
Betula lenta, 537 
Bhang, 302 
Bissabol, 443 
Bitter apple, 392 
Bitter orange peel, 428 
Bittersweet, 571 
Bixa Orellana, 388 
Bixaceae, 388 
Black catechu, 620 
Bladderwrack, 18 1 
Bleaching, 113 
Blistering beetles, 645 
Blumea balsamifera, 348 
Bomhyx spp., 127 
Boraginaceae, 565 
Borneo camphor, 346 
Borneol, 568, 570 
Bornyl acetate, 21 1, 568, 625 

— chloride, 347 

— isovalerianate, 625 
Boswellia spp., 440 
Brassica spp., 385, 386 
Brasilia, 505 
Brazilian jalap, 564 
Broom, 467 
Brucine, 549 
Bryonia dioica, 391 
Buchu Folia, 421 
Burgundy pitch, 21 1 
Burseracese, 440 
Butea frondosa, 466, 478 
Butea gum, 478 
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Butter, cocoa, 403 
Butter, nutmeg, 335 


Cacao-red, 403 

Cadinene, 219 

CcBsalpi'nici Sappan, 5^5 

Cafieine. 403 . 404. 405. 440 

Calcmm carbonate, 122 , 15 °. 304. 054 

— malate, 41 x 

— oxalate, 82, 94— iix> X22 

Calendulae Flores, 635 ^ ^ ^ 

Calendula officinahs, 260, 035 
Callityis q%iadrivalvis, 220 
Calumb^ Radix, 367 


Callus, 1 19 
Cambogia, 397 
Camellia Thea, 405 
Camera lucida, 79 
Campanulacese, 625 
Campb-ene, 207 
Campb-or, 346 
— , Ngai, 620 
Canada balsam, 209 

turpentine, 209 

Canarium Ivtzonicum, 44 ° 
Canella alba, 389 

Winterana, 389 

Canellacese, 389 
Canella Cortex, 3^9 
Cannabinaceae, 298 
Cannabinol, 304 
Cannabinone, 3^4 
Cannabis Indica, 300 
Cannabis saliva, 142, 298, 300 
Cantbarides, 645 
— , Chinese, 647 
Cantbaridin, 647 
Cantharis vesicatorza, 645 
Caoutchouc, 406 
Capillary analysis, 689 
Caprifoliaceae, 620 
Capsaicin, 59X 
Capsicin, 591 
Capsicum, 587 
Capsicum annuum, 590 

— fruiescens, 61, 588 

— minimum, 587 
Caraways, 526 
Carbohydrates, 26 
Cardamomum, 108, 273 
Cardiac glycosides, 250, 252 
Carica Papaya, 48 
Camauba wax, 40, 228 
Carmine, 652 

Carob bean, 467 
Carotin, 261 
Carrageen, 185 
Carthamus spp-, 57 ^ 
Carthamus tinctorius, 260 


Carum, 526 
Carum Cam, 58, 520 


Carvone, 527^ 529 
Caryopbyllene, 508, 5^4 
Caryopbyllin, 514 
Caryopbyllum, 99 , 5 ^^ 
Cascara Sagrada, no 
Cascarillse Cortex, 409 
Cascarillin, 409 
Cassia acutifolia, 495 , 499 
— angustifolia, 495 , 499 

TPA /r “■ 




— gvandis, 5^2 

. — moschata, 5^2 

, — • ohovata, 499 

Cassia Fistulse Fructus, 501 

Cassia pods, 501 

Castilloa clastica, 297 

Catalase, 48 

Catechin, 620, 673 

Catechol, 209 

Catechu, loi, 615 

— black, 620 

Catechu-red, 620 

Celastraceae, 446 

Cell contents, ii9-'X23 

walls, 1 1 6-1 19 

Cellulase, 47 
Cellulose, 136 
Cellulose wadding, 138 
Cellulose walls, 117 
Cellulosum Ligni, 138 
Celsus, 5 

Cepb^line, 614 _ 

Cephaelis acuminata, 61 3- 

Ipecacuanha, 61, 609 

Cera Alba, 649 
. — Flava, 649 
Cevatonia siliqua, 467 
Cetaceum, 659 
Cetraria islandica, 192 
Cevadine, 233 
Chalk, French, 147 
, — , precipitated, 15^ 

. — , prepared, 15° 

Charas, 303, 304 
Charcoal, 288 
Chelerythrine, 384 
Chenopodiacese, 325 
Chenopodium, 326 
Chenopodium spp., 320, 579 
Chillies, 587 
Chinse Cortex, 600 
Chitin, 190 
Chitinous walls, 119 
Chlorophyll, 120 
Chocolate, 402 
Cholesterol, 662 
Choline, 559 
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Chondodendron tomeniosum, 366 
Chondrin, 663 
Chondrus crispus, 185 
Chrysanthemum cinevavicB folium, 633 

— Leucanthemum, 634 

— Marshallii, 633 

— Parthenium, 632 

— roseum, 633 
Chrysarobinum, 479 
Chrysophanol, 319 
Cichorium intyh%is, 630 
Cimicifuga racemosa, 357 
Cimicifugae Rhizoma, 357 
Cimicifugin, 357 
Cinchonse Cortex, iii, 600 
Cinchona spp., 61, 600 
Cinchonidine, 608 
Cineole, 517, 518 
Cinnamein, 484 
Cinnamic aldehyde, 343, 345 
Cinnamomi Cortex, no, 336 
Cinnamomum Burmanii, 344, 345 

— Camphora, 346 

— Cassia, 344 

— Loureirii, 344 

— Oliveri, 345 

— zeylanicum, 61, no, 336 
Cinnamon, Cayenne, 344 
— , Ceylon, no, 336 

— , Chinese, 344 
— , Java, 345 
— , Saigon, 344 
— , white or wild, 389 
— , wild or jungle, 344 
Cinnamy 1-cocaine, 416 
Citral, 264, 436 
Citronelloi, 466 
Citrullol, 395 
Citrullus Colocynthis, 392 
Citrus spp., 419, 428, 431 

— Aurantium, 428 

— Limonia, 431 

— medica, 43 1 
Civet, 666 
Civetone, 666 
Claviceps purpurea, 187 
Clearing, 92 

Cloves, 51 1 
Clubmoss, 199 
Clusius, 8 

Cnicus henedictus , 630 
Cocas Folia, 414 
Cocaine, 416 
Cocculin, 370 
Cocculus Indicus, 369 
Coccus, 650 
Cochineal, 650 
Cochlearia Armor acia, 386 
Cocoa beans, 400 


Cocoa butter, 403 
Cocos nucifera, 228 
Codeine, 381, 382 
, Cojfea spp., 600 
Coffee, 405 
Cola spp., 404 
Colchici Cormus, 236 

— Semen, 

Colchicine, 237, 238 

Colchicum autumnale, 56, 58, 234, 
236, 237 
Coleoptera, 69 
Collagens, 662, 663 
Colocynth, 97, 392 
Colocynthin, 395 
Colophonium, 205 
Columbamine, 369 
Comber waste, 131, 133 
Commiphora ahyssinica, 440 

— erythisa, 440, 443 

— molmol, 440 

— Schimperi, 440 
Compositae, 629 
Conii Fructus, 519 
Coniine, 33, 520 
Conium maculatum, 519 
Convallariae Flores, 252 
Conv allaria majalis, 252 
Convallatoxin, 252 
Convolvulaceas, 559 
Convolvulus Scammonia, 563, 564 
Copaiba, 506 

Copaifera spp., 506 

Copernicia cerifera, 228 

Corchorus spp., 140 

Coriandrol, 526 

Coriandrum, 99, 524 

Coriandrum sativum, 58, 524 

Corydalis spp., 371 

Coscinium fenestratum, 366, 369 

Cotamine, 362 

Cotton, 129 

Coumarin, 470 

Coumarouna spp., 469 

Count of yarn, 130, 145 

Counting-field finder, 156 

Cowhage, 466 

Creosote, 209 

Creta, 150 

Crocetin, 261 

Croci Stigmata, 258 

Crocosma aurea, 261 

Crocus sativus, 258 

— vernus, 260 
Crotin, 408 

Croton Eleuteria, 409 

— Tiglium, 408 
Cruciferae, 384 
Crude fibre, 116, 696 
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Cube, 477 

Cubebae Fructus, 324 
Cubebin, 325 
Cucurbitaceae, 390 
Cudbear, 194 
Culpepper, 9 
Cummi Fructus, 530 
Cuminum Cyminum, 530 
Cupreine, 609 
Cupressaceae, 213 
Curare, 546 
Curcuma spp., 265 
Curcuma domestica, 272 
Curcumae Rbizoma, 272 
Curcumin, 273 
Cutcb, 620 
Cutinised walls, 118 
Cuttlefisb bone, 654 
Cyanogenetic glycosides, 30, 39, 457 ^ 
458, 461, 462 
Cyc/opentadecanone, odd 
Cydoniae Semina, 463 
Cymarin, 559 
Cymhopogon spp., 225 
Cynips gallcB tinctorics, 292 

— lignicola^ 295 

— polycera, 295 
Cynodon Dactylon, 

Cytisus scoparius, 467 

Dactylopius coccus, 650 
JDcBmonorops spp., 228 
Dagga, 203 
Daphne spp., 509 
Datura spp., I 55 > 574 
Datura Stramonium, 58, 572 

— tatula, 572 
Deadly nightshade, 581 
Delphinine, 359 
Delphinium Staphisagria, 359 
Derris, 475 

Derris spp., 475 

Desacetyldigilanid, 596 

Dextrins, 88 

Diacetyl morphine, 381 

Diastase, 47 

Diatomite, 148 

Diatoms, 148, 149, 183 

Dicotyledons, characters of, 180 

DigHanid, 597 

Digitalin, 596 

Digitalis Folia, loi. 592 

Digitalis lanata, 597 

. — lutea, 597 

. — purpurea, 58, 592 

— Thapsi, 598 

Digitonin, 596 

Digitoxin, 596 

Digitoxose, 596 


Dioscorides, 5 
Diosmetin, 421 
Diosmin, 421, 424 
Diosphenol, 424 
Dipentene, 208 
Dipterocarpus turbinatus, 508 
Dipteryx spp., 469 
Disaccharides, 26 
Disintegration, 93 
Diterpenes, 41 
Dorema spp., 53 ^ 

Dragon’s blood, 228 
Drug auction, 23 

— broker, 20 

— show, 23 

Drugs, collection of, 63 

— , classification of, 177 

— , drying of, 64 

— , examination of, 161 

— , evaluation of, 690 

— , storage of, 67 

Drying oil, 34 . r q 

Dryobalanops aromatica, 340, 340 

Dryopteris FHix-mas , 59, ^95 

— spinulosa, 198 
Dulcitol, 447 

Echallium Elaterium, 396 
Ecgonine, 416 
Elcsis guineensis , 228 
Elaterin, 395, 39 ^ 

Elaterium, 39 <^ 

Elder, 621 
Elemi, 440 

Elettaria Cardamomum, 61, 273 
Ellagitannins, 671 
Emetine, 614 

Emodins, 320, 449* 45 ^ 7 ^ 

Empleurum serrulatum, 424 

Emulsin, 46, 47, 290 

Enfleurage, 42 

Enzymes, 45 

Ephedra, 221 

Ephedra spp., 221 

Ephedraceae, 221 

Ephedrine, 223 

Ephestia spp., 68, 70 

Epidermal trichomes, 91—107 

Ergine, 190 

Ergosterol, 19 1 

Ergot a, 98, 187 

Ergot, 98, 187 

Ergotamine, 191 

Ergometrine, 19 1 

Ergotoxine, 191 

Brythrophleum guineense, 467 

Erythroxylacese, 413 

Erythroxylon spp., 61, i 53 > 4^4 

Ericaceae, 537 
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Eriodictyi Folia, 566 
Eriodictyom californicum, 566 
Eriodictyol, 567 
Eserine, 469 
Esterase, 47 

Eucalyptus spp., 479, 516—518 
Eucarya spicata, 307 
Eugenia aromatica, 61, 51 1 
Eugenol, 343, 514 
Euonymus atvopurpureus, 446 
Eupliorbiaceae, 405 
Eupliorbium, 410 
Enphorbone, 41 1 
Evaluation of drugs, 690 
Exogonium purga, 560 
Extractive values, 693 
Eyepieces, 77 

FagacesG, 290 
Fabrics, 144—146 
F agar a spp., 419 
Fats, 122 
Fenchone, 523 
Fennel, 520 
Ferula assa foetida, 532 

— foetida, 532 

— galhaniflua, 535 

— suaveolens, 531 

— Sumbul, 531 
Fibres, animal, 1 24-1 29 
— , mineral, 124, 146 

— , vegetable, 124, 129-143 

Fibroin, 127 

Ficus spp., 297 

Figs, 297 

Filicin, 198 

Filix Mas, 195 

Filmarone, 197 

Filter papers, 137, 139 

Fineness of yarn, 130, 145 

Fish berries, 369 

Fixed oils, 122 

Flacourtiaceae, 388 

Flax fibres, 142 

Flower, arnica, 635 

— , calendula, 635 

— , chamomile, 630 

• — , Chinese safflower, 260 

— , clove, 511 

— , elder, 621 

— , feverfew, 632 

— , German chamomile, 632 

— , insect, 633 

— lavender, 568 

— , lily of the valley, 252 

— , marigold, 635 

— , pyrethrum, 633 

— , safflower, 260 

— , saffron, 258 


Flower, santonica, 636 

Flowers, characters of, 165 

Foeniculi Fructus, 99, 520 

Fceniculum spp,, 59, 520, 524 

Foraminifera, 150 

Foreign matter, 145, 691 

Foxglove, 592 

Frangula-emodin, 451 

Frangulin, 451 

Frankincense, common, 204 

— , true, 440 

Fraxinus Ornus, 545 

Fraxin, 545 

French chalk, 147 

Fructosans, 117 

Fruit, anise, 529 

— , bael, 437 

— , black pepper, 321 

— , capsicum, 587 

— , caraway, 526 

— , cardamom, 273 

— , cassia, 501 

— , celery, 519 

— , chenopodium, 326 

— , chillies, 587 

— , cocculus indicus, 369 

— , colocynth, 392 

— , coriander, 524 

— , cubeb, 324 

— , cummin, 530 

— , dill, 528 

— , fennel, 520 

— , fig, 297 

— , hemlock, 519 

— , juniper, 213 

— , lemon, 431 

— , myrobalan, 509 

— , orange, 428 

— , pepper, 321 

— , pimento, 515 

— , poppy, 373 

■ — , prune, 459 

— , senna, 499 

— , star-anise, 327 

— , tamarind, 502 

— , vanilla, 283 

Fruits, characters of, 166 

Fucacese, 181 

Fucus spp., 18 1 

Fusanols, 307 

Gadus morrhua, 655 
Galactans, 117 
Galactose, 184 
Galbanum, 535 
Galen, 6 
Galls, 292 
Gallitannins, 671 
Gallotannin, 294 
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Gambir, 615 
Gamboge, 397 
Ganja, 300 
Garbling of drugs, 15 
Garcinia Hanhurii, 397 

— paruifiora, 229 
GauUheria procumbens, 537 
Geber, 7 

Gelatinum, 662 

Gelidiacese, 182 

Gelidium spp., 182 

Gelsemin, 550 

Gelsemine, 550 

Gelsemii Radix, 550 

Gelsemium nitidum, 550 

Gentiamarin, 554 

Gentiana spp., 59, 551, 555 

Gentianacese, 550 

Gentianas Radix, no, 551 

Gentianose, 554 

Gentiin, 554 

Gentiopicrin, 554 

Geranial, 436 

Geraniol, 569 

Gerarde, 9 

Gigartinacese, 185 

Gigartina spp., 186 

Gingerol, 269 

Gitalin, 596 

Gitoxin, 596 

Glass, 148 

Globigerina, 150 

Globoid, 12 1 

Globulin, 121 

Glucofrangnlin, 451 

Glucogallin, 320 

Glucosans, ij6 

Glucosides, 28, 285— 289 

Glue, 662 

Gluten, 89 

Glutin, 663 

Glycine Soja, 466 

Glyceride, 33, 45, 660 

Glycosides, 28 

— , cardiac, 250, 252, 596 

GlyC3?Trhizas Radix, 109, 470 

Glycyyyhiza spp., 470-473 

— gldbya^ 59, 470 
Glycyrrhizin, 473 
Glyoxaline, 31 
Golden seal, 360 
Gossypium, 129 
Gossypiuyyi spp., 129, 400 
Goss3;^ii Radicis Cortex, 400 
Grains of Paradise, 282 
Gramineae, 225 

Granati Fructus Cortex, 509 

— Radicis Cortex, 510 
Green hellebore, 232 


Grindelia spp., 632 
Guaiac-blue, 419 
— Resina, 417 
Gvcaiacuyn spp., 417 
Guarana, 404 
Guaza, 300 
Gum, acacia, 491 
— , arabic, 491 
— , Benjamin, 539 
— , butea, 478 

— , ghatti, 494 

— , hashab, 492 

— , hog, 491 

— , hotai, 443 

— , Indian, 494 

— , Indian tragacanth, 491 

— , juniper, 220 

— , karaya, 491 

— , Kordofan, 492 

— , red, 479 

— , Senegal, 492 

— , insoluble Shiraz, 491 

— , sterculia, 491 

— , talka, 494 

— , thus, 204 

— , tragacanth, 484 

Gummosis, 486 

Gum-resin, 43 

Gums, 122 

Gurjun balsam, 508 

Gutta, 539 

Guttapercha, 538 

Guttiferae, 397 

Gymnospermae, ch^iracters of, 179, 


Haematein, 504 
Hasmatoxyli Lignum, 504 
Haematoxylin, 504 
HcBvyiatoxyloyi cayyipechianum, 504 
Hairs, 92 

Hamamelidaceae, 453 
Hamamelidis Folia, 453 
Hamaynelis viyginiana, 453 
Hamamelin, 454 
Hamamelitannin, 455 
Hanbury, 9 
Hardwickia spp., 508 
Hashish, 302 

Hellebori Nigri Rhizoma, 356 
Helleborin, 357 
Hellehorus fcetidus, 357 

— nigey, 356 

— viyidis, 357 
Memidesyyius indicus, 'Z$'j 
Hemicelluloses, 117 
Hemlock, 519 

Hemp, fibre, 142 
— , Indian, 300 
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Henbane, 577 
Herb, chenopodium, 326 
— , feverfew, 632 
— , Indian gentian, 551 
— , grindelia, 632 
— , lavender, 568 
— , lobelia, 626 
— , hyssop, 567 
— , pennyroyal, 567 
— , rosemary, 567 
— , sage, 567 
— , spearmint, 571 
— , thyme, 567 
— , yarrow, 630 
Herbs, description of, 162 
Heroin, 381 
Herudin, 645 
Hesperidin, 420. 430, 432 
Hevea spp., 406 
Hexosans, 116 
Hexoses, 26, 116 
Hippocrates, 5 

Hippoglossus hippoglossus, 658 

Hirudin, 645 

Hivudo spp., 644 

History, 4 

Honey, 648 

Hops, 298 

Hordeum spp., 226 

Hormones, plant, 57 

Humulene, 300 

Humuli Strobili, 298 

Humulus japonicus, 298 

— Lupulus, 298 
Idydnocarpus spp., 389 
Hydrastine, 360 
Hydrastis canadensis , 360 
Hydrastis Rhizoma, 360 
Hydrophyllacese, 566 
Hydroxycellulose, 136, 139 
Hygrine, 416 
Hyoscine, 577, 580 
Hyoscyamine, 576, 579, 583, 586 
Hyoscyami Folia, 106, 577 
Hyoscyamus albus, 578, 580 

— muticus, 576, 580 

— niger, 59, 577 
Hyperoodon rostratus, 659 
Hypocreaceae, 187 
Hyssopus officinalis, 567 

Ibn Baitar, 7 
Ibn Batutah, 7 
Iceland moss, 192 
Ignatius beans, 549 
Ilex Cassine, 405 

— paraguensis , 405, 445 
Illicium spp., 327, 530 
Indian gentian, 551 


Indian hemp, 300 

— squill, 250 

— tobacco, 626 
Indigo, 466 

Indigofera tinctoria, 466 
Insect pests, 68—72 
Inula Helenium, 638 
Inulae Rhizoma, 638 
Inulin, 123, 630 
Invertase, 47 
Invert sugar, 214 
Iodine value, 34 
lonidium Ipecacuanha, 613 
lonone, 264 

Ipecacuanhas Radix, 109, 609 
Ipecacuanha, Cartagena, 613 
— , J chore, 612 
— , Rio, 609 
Ipecacuanhin, 614 
Ipomoea Radix, 563 
Ipomoea Batatas, 87, 560 

— hederacea, 565 

— orizahensis, 563 

— purga, 62, 560 

— simulans, 562 

— Turpethum, 565 
Ipuranol, 564 
Ipurganol, 562 
Iridacese, 258 
Iridis Rhizoma, 262 
Iris spp., 262 
Irish moss, 185 
Irone, 264 
Isinglass, 663 

— , Japanese, 182 
J^obarbaloin, 248 
Jsoferulic acid, 534 
J^oquinoline, 31, 384 
Isorhamnetin, 498 
Isothiocyanate glycosides, 30 
Ispaghula, 599 

Jaborandi Folia, 425 
Jalap, Orizaba, 563 
— , Vera Cruz, 109, 560 
Jaiapae Tuber, 109, 560 
Jalapin, 562, 563 
Japaconitine, 353 
J ateorhiza palmata, 367 
Jateorhizine, 369 
Jatropha Curcas, 408 
Jeruine, 233 
Jimson weed, 572 
Juniperi Fructus, 213 
Juniperus communis, 213, 215 

— Oxycedrus, 218 

— phoenicea, 216 

— Sabina, 216 
Jute, 140 



732 


INDEX 


Kaempferol, 498 
Kamala, 406 
Kapok, 132, 39S 
Ketone-musk, 666 
Kief, 303 
Kieselgukr, 148 
Kino, Bengal, 478 
— , eucalyptus, 479 
■ — , Malabar, 478 
Kino-red, 47S 
Kola-red, 404 
Krameriae Radix, 505 
Krameria-red, 506 
Krameria spp., 505 

Labiatae, 567 
Lac, 652 

Laccifer lacca, 652 
Lactucarium, 630 
Lactuca virosa, 630 
Lana, 125 
Lanadigin, 597 
Lanolin, 661 
Lard, 660 
Lard oil, 660 
TLaHx sihirica, 208 
Lasioderma seyyicovne , 70 
Latex, 120 
Lauraceae, 335 
Laurus nobilis, 336 
Lavandula latifolia, 569 

— officinalis, 60, 568 

— spica, 569 
JLawsonia alba, 509 
Leaves, description of, 162 
Leaves, ailantbus, 157, 584 
— , argel, 499 

— , bay laurel, 336 
— , bearberry, 537 
— , belladonna, 581 
— , betel, 321 
— , buchu, 421 
— , cherry-laurel, 458 
— coca, 414 
— , comfrey, 598 
— , damiana, 388 
— , datura, 576 
— , digitalis, 592 
— , eriodictyon, 566 
— , foxglove, 592 
— , hamamelis, 453 
— , henbane, 577 
— , hyoscyamus, 577 
■ — jaborandi, 425 
— , xaat6, 405, 446 
— , matico, 321 
— , mullein, 598 
— , phytolacca, 5S4 
— , scopolia, 5 84 


Leaves, senna, 495, 509 
— , stramonium, 572 
— , witch hazel, 453 
Leech, 644 
Leguminosae, 466 
Lemon juice, 436 
. — oil, 432 

— peel, 431 
Lepidoptera, 70 
Levant berries, 369 
Lichen acids, 194 
Lignin, 117 
Liliaceae, 231 
Lime juice, 436 
Limonene, 208, 436 
Limonis Cortex, 431 
Linacese, 41 1 

Lini Semina, 98, 412 
Linseed, 98, 157, 412 
Linalol, 526, 569 
Linalyl acetate, 569 
Linamarin, 413 
Linen-tester, 144 
Linum usitatissimiim, 142, 412 
Lipase, 34, 45, 46, 408 
Liquidambav orientalis, 455 

— styvacijiua, 456 
Liquorice, stick, 471 
Litmus, 194 

Lobeliac Herba, 105, 626 
Lobeline, 629 
Loganiaceae, 546 
Loganin, 549 
Logwood, 504 
JLonchocavpus spp., 477 
Lupulin, 299, 300 
Lycopodiaceae, 199 
Lycopodium, 155, 199 
Lycopodium vSpore methods, 155 
Lysigenous cavity, 120 

Mace, 334 
Magnoliaceae, 327 
Maltase, 47, 48 
Malvaceae, 399 
Manihot utilissima, 87, 406 
Manna, 545 
Mannite, 545 
Mannitol, 545 
Mannotriose, 545 
JMayanta arundinacea, 87 
Maranta starch, 87 
Marco Polo, 7 
Market reports, 25 
Mastich, 220 
Mat6, 445 
Materia medica, 3 
Maiyicaria Chamoyyiilla, 632 
Meadow sajffron, 234 
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Melaleuca JLeucadendyon, 518 
Mel, 648 

Melissyl palmitate, 649 
Menispermaceae, 366 
Mentha spp., 60 
Mercury vapour lamp, 683 
Methylsesculetin, 562, 583, 677 
Metroxylon Rumphii, 228 
Mexican tea, 326 
Micrometers, 78 

Microscopical measurements, 78 
Moisture determinations, 693 
Monardes, 8 

Monocotyledons, characters of, 180 

Moraceae, 297 

Morphine, 381, 679 

Moschus, 664 

Moschus moschiferus, 664 

Moths, 70 

Mucilage, 118, 297 

Mucuna pvuyiens, 466 

Murexide reaction, 32 

Musk, 664 

Muskone, 666 

Musk, synthetic, 666 

Mylabyis spp., 647 

Myristica, 103, 330 

Myyistica aygentea, 334 

■ — fyagyans, 62, 330 

— yyialahavica, 334 
Myristicaceas, 329 
Myristicin, 335 
Myrosin, 48, 385 
Myyoxylon halsaynum, 480 

— Peyeiras, 482 

— Toluifeya, 480 
Myrrha, 440 
Myrtaceae, 51 1 

Narceine, 380, 381 
Narcotine, 380—382 
Ngai camphor, 348 
Nicotine, 31, 33 
Niptus hololeucus, 70 
Nutmegs, Bombay, 334 
— , East Indian, 330 
— , Grenada, 330 
— , Papua, 334 
Nux Vomica, loi, 546 

Objectives, 76 
Oil, almond, 461 
— , almond (volatile), 462 
— , anise, 328, 530 
• — , arachis, 477 

— , Australian sandalwood, 307 
— , bergamot, 420 
— , bitter almonds, 462 
— , cade, 218 


Oil, cajuput, 518 
— , caraway, 527 
— , castor, 406 
— , chenopodium, 42, 326 
— , cinnamon, B.P., 343 
— , cinnamon, U.S.P., 345 
— , clove, 514 
— , cod liver, 655 
— , colza, 386 
— , copaiba, 508 
— , cotton seed, 399 
— , dill, 529 
— , earth-nut, 477 
— , eucal 37 ptus, 516 
— , halibut liver, 658 
■ — •, hydnocarpus, 389 
— , juniper, 215 
— , juniper tar, 218 
— , lavender, 568 
— , lemon, 432 
- — , lime, 420 
— , linseed, 413 
— , mustard, 386 
— , nutmeg, 335 
■ — , olive, 543 
— , palm, 35 
— , pea-nut, 477 
— , peppermint, 570 
— , pine, 21 1 
— , rape, 386 
— , rose, 465 
— , rosemary, 567 
— , sandalwood, 306 
— , sassafras, 336 
— , savin, 218 
— , sesame, 565 
— , Siberian fir, 21 1 
— , star-anise, 328 
— , theobroma, 403 
— , turpentine, 207 
— , vetivert, 225 
— , wintergreen, 537 
Oiled silk, 128 
Oils, fixed, ,122 
— , volatile, 123 
Oleaceae, 543 
Olea euvopcea, 543 
Oleo-resins, 43 
Oleum Abietis, 21 1 
— , Amygdalae, 461 
— , Anethi, 529 
— , Anisi, 328, 530 
— , Arachis, 477 
— , Cadinum, 218 
— , Cajuputi, 518 
— , Carui, 527 
— , Caryophylli, 514 
— , Cinnamomi B.P., 343 
— , Cinnamomi U.S.P., 345 
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Oleum, Eucalypti, 516 
— , Gossypii Seminis, 399 
— , Hydnocarpi, 389 
— , Juniperi, 215 
— , Lavandulae, 568 
— , Limonis, 432 
— , Lini, 413 

— , Mentliae Piperitae, 570 

— , Morrhuae, 655 

— , Myristicaceas, 335 

— , Olivae, 543 

— , Ricini, 406 

— , Rosae, 465 

— , Rosmarini, 567 

— , Sabinae, 218 

— , SantaJi, 306 

— , Santali Australiensis, 307 

— , Sesami, 565 

— , Terebinthinae, 207 

— , Tlieobromatis, 403 

Olibanum, 440 

Opiase, 3 So 

Opium, 373 

Opopanax, 532 

Orchidaceae, 2 S3 

Orchil, 194 

Ordeal beans, 468 

Origanum major ana, 567 

Oscine, 577 

Os Sepiae, 654 

Otto of Rose, 465 

Ouabain, 559 

Ovis aries, 125, 661 

Oxidase, 48, 398, 443, 494 

JPalaquium spp., 538 
Palisade ratio, 154 
Palmae, 228 
Palmatine, 369 
Panama wood, 463 
Papain, 48 
Papaveraceae, 370 
Papaver Rhceas, 371 
— somniferum, 60, 371, 376 
Papaverine, 3S0, 381 
Paradol, 282 
Paraguay tea, 445 
Parmeliaceae, 192 
Pasta Guarana, 404 
Patchouli, 567 
Paullinia Cupana, 404 
Payena spp., 538 
Pearl barley, 226 
Pectins, 117, 122 
Pedaliaceae, 565 
Pedicularis, 359 
Peganum Harmala, 420 
Pelletierine, 510 
Pentosans, 116 


Pentoside, 28 

Pepper, Ashantee, 323 

- — , black, 321 

— , clove, 515 

— , Jamaica, 515 

— , long, 323 

— , tailed, 324 

— , wh-ite, 322 

Pepsin, 46 

Peroxidases, 48 

Pereira, 9 

Peru balsam, 482 

Pharmacognosy, 3 

Phellandrene, 517 

Phenols, 669-6S1 

Phlobatannin, 620, 670 

Phloroglucinol, 197 

Phcenix dactylifera, 228 

Physefer macvocephalus, 659 

Physic nut, 408 

Physostigma venenosum, 468 

Physostigmatis Semina, 468 

Physostigmine, 469 

Phytelephas spp., 228 

Phytolacca decandra, 325, 584, 587 

Picea ex cels a, 21 1 

Picrasma excelsa, 438 

Picrcena excelsa, 438 

Picrasmin, 439 

Picrocrocin, 261 

Picropodophyllin, 365 

Picrorhiza Kurroa, 592 

Picrotoxin, 370 

Pilocarpine, 427 

Pilocarpus spp., 425—427 

Pimentae Fructus, 515 

Pimenta officinalis, 515 

Pimpinella Anisum, 329, 529 

Pinacese, 201 

Pinene, 207, 347 

Pinus spp., 202, 208 

Piper Betle, 230 

— Clusii, 323, 324 

— cubeba, 324 

— Lowong, 324 

— nigrum, 62, 321 

— officinarum, 323 

— ribesioides, 324 
Piperacese, 321 
Piperine, 323 
Piperidine, 323 

Piperis Nigri Fructus, 321 
Piptostegia Pisonis, 564 
Fix Burgundica, 21 1 

— Juniperi, 218 

— Liquida, 208 
Plant aginaceae, 598 
Plantaginis Semen, 599 
Plantago spp., 599 
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Plant phenols, 669—681 
Pliny, 5 

Podophylli Indici Rhizoma, 365 
Podophylli Rhizoma, 362 
Podophyllin, 365 
Podophyllotoxin, 365, 366 
Podophyllum emodi, 365 
. — peltatum, 362 
Pogostemon patchouli, 567 
Polarisation, 81 
Polygalacese, 443 
Poly gala Senega, 443 
Polygonaceae, 309 
Polygonum Fagopyvum, 87 
Polypodiaceae, 195 
Polysaccharides, 26 
Pomegranite rind, 509 
Populi Gemmae, 288 
Populus spp., 288, 289 
Powdered drugs, 95-111 
Prayer beads, 466 
Proteolytic enzymes, 46 
Protopine, 384 
Prulaurasin, 457 
Prunase, 45, 47, 459, 461 
Prunasin, 31, 457, 461, 463 
Pruni Virginianae Cortex, 459 
Prunum, 459 
Prunus communis, 461 

— domestica, 459 

— JLaurocevasus, 458 

— serotina, 459 

— virginiana, 459 
Pseudaconitine, 353 
Pseudotannins, 672 
Psychotvia emetica, 613 

— Ipecacuanha, 6og 
Psychotrine, 614 
Psyllium, 599 

Ptevocarpus Marsupium, 478 

— santalinus , 505 
Pteridophyta, 179, 195 
Ptinus spp., 70 
Punica Granatum, 5^9; 

Purging nuts, 408 
Purine, 31 

Pyran phenols, 674 
Pyrethri Flores, 633 
Pyrethrins, 635 

Pyrethvum cinevarics folium, 633 
Pyridine, 31, 583 
Pyrogallol-tannins, 671 
y-Pyrone phenols, 675 
Pyroxylin, 136 
Pyrus Cydonia, 463 

Quantitative microscopy, 152 
Quassias Lignum, 108, 438 
Quassia amara, 438 


Quassin, 440 
Quercitin, 365, 538 
Quercus alba, 292 

— infectoria, 292 

— YohuY, 291 
Quillaiae Cortex, 463 
Quillaia Saponaria, 463 
Quillaia-sapotoxin, 465 
Quinidine, 608 
Quinine, 608 
Quinovin, 609 

Ranunculacese, 348 
Reagents, 83 
Remijia spp., 609 
Red gum, 479 
Resenes, 43 

Resinols, 43, 534, 536, 541 

Resinotannols, 42, 481, 484, 535, 541 

Resins, 43, 123, 205 

Resin, colophony, 205 

— , euphorbium, 410 

— , dammar, 397 

— , guaiacum, 417 

— , jalap, 562 

— , podophyllum, 365, 366 

— , sandarac, 220 

— , scammony, 563 

Rhamnaceae, 447 

Rhamni Frangulae Cortex, 451 

— Purshianae Cortex, 447 
Rhamnoglucosides, 28 
Rhamnosides, 28 
Rhamnose, 28, 451 
Rhamnus alnifolia, 451 

— colifcyrJ.ca , 447, 451 

— cnnii -Pca, 453 

— cathaYtica, 451, 452 

— CYOcea, 45 1 

— Fvangula, 449, 451 

— PuYshiana, 447 
Rhaponticin, 320 
Rhazes, 7 
Rhein, 320, 498 

Rhei Rhizoma, 109, 310 
Rheum spp., 60, 310 
Rhizome, arnica, 636 
— , black hellebore, 356 
— , calumba, 368 
— , cimicifuga, 357 
— , couch grass, 226 
— , curcuma, 272 
— , ginger, 265 
— , Indian podophyllum, 365 
— , inula, 638 
— , male fern, 195 
— , orris, 262 
— , podophyllum, 362 
— , rhubarb, 310 
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Rliizome, sanguinaria, 383 
— , scopolia, 587 
— , serpentary, 308 
— , turmeric, 272 
— , valerian, 622 
— , veratrum, 232 
Rliizomes, description of, 173 
Rhubarb, 109, 310, 676 
Rhus javanica, 294 
— toxicodendron, 633 
Richardsdnia scdbra, 613 
Ricin, 408 
Ricinine, 408 

Ricinus communis, 62, 406 
Rocella spp., 194 
Root, aconite, 348 
— , alkanet, 565 
— , alkanna, 365 
— , althaea, 399 
— , barbasco, 477 
— , belladonna, 584 
— , black cohosh, 357 
— , black snakeroot, 357 
— , bloodroot, 383 
— , bryony, 391 
— , calumba, 367 
— , chicory, 630 
— , cube, 477 
— , curcuma, 477 
— , dandelion, 639 
— , derris, 475 
— , elecampane, 63 8 
— , gelsemium, 550 
— , gentian, 551 
— , ginger, 265 
— , hemidesmus, 257 
— , horseradish, 386 
— , hydrastis, 360 
— , inula, 638 

— , ipecacuanha (Cartagena), 6x3 
— , ipecacuanha (Rio), 609 
— , ipomoea, 563 
— , jalap, 560 
— , krameria, 505 
— , liquorice, 470 
— , marshmallow, 399 
— , May-apple, 362 
— , musk, 531 
— , Orizaba jalap, 563 
— , orris, 262 
— , Pareira brava, 366 
— , pellitory, 630 
— , phytolacca, 587 
— , podophyllum, 362 
— , pyre^um, 630 
— , rhatany, 505 
— , rhubarb, 310 
— , sarsaparilla, 253 
— , scammony, 564 


Root, scopolia, 587 
. — , senega, 443 
— , serpentary, 308 
— , sumbul, 531 
— , taraxacum, 639 
. — , Texan snakeroot, 308 
— , tuba, 475 
— , turmeric, 272 
— , valerian, 622 
— , wild mandrake, 362 
— , yellow, 360 
— , yellow jasmine, 550 
Roots, description of, 173 
Rosaceas, 457 
Rosa damascena, 465 
Rosin, 205 

Rosmarinus officinalis, 567 

Rubber, Assam, 297 

• — , Ceara, 406 

— , Central American, 297 

— , Para, 406 

Rotenone, 476 

Rubiacese, 600 

Rubreserine, 469 

Rumex spp., 310, 376, 377, 555 

Rutaceae, 419 

Ruta spp., 419 


Sabal, 228 
Sabina, 216 
Sabinse Cacumina, 216 
Sabinol, 218 
Saccharate, 28 
Saccharum officinarum, 27 
Saffron, 258 
Sago, 86 
Salicaceae, 288 
Salicin, 289 
Salix spp., 2 88, 289 
Salvia officinalis , 567 
Sambucus nigra, 458, 621 
Sambunigrin, 457, 621 
Samples, 17, 690 
Sandarac, 220 

Sanguinaria canadensis, 383 
Sanguinarise Rhizoma, 383 
Sanguinarine, 384 
Santalaceae, 305 
Santali Lignum, 305 
Santalin, 505 
Santalols, 306 
Santalum album, 305 
Santonica, 636 
Santonin, 636 
Sapogenins, 29 
Saponaria officinalis, 325 
Saponification value, 34 
Saponins, 29, 237, 445, 437, 463 
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Sapotacea3, 538 

Sarsaparillse Radix, 253 

Sarsaponin, 257 

Sarzse Radix, 253 

Sassafras officinale, 336 

Savin tops, 216 

Scammonin, 562 

Scammonium, 564 

Schizogenous duct, 44, 120 

Schlechlendaria sinensis, 294 

Schcenocaulon officinale, 232, 233 

Scilla, 100, 249 

Scillaren, 250 

Scillaridin, 250 

Scopalamine, 576 

Scopoletin, 550, 562, 584, 677 

Scopolia cavniolica, 576, 584, 587 

— japonica, 587 
Scropliulariacea3, 591 
Secale cereale, 86, 187 
Secale Cornutum, 187 
Seed, almond, 462 

— ■, areca, 230 
— , Calabar, 468 
— , castor, 406 
— , cardamom, 273 
— , cevadilla, 232, 233 
— , cocoa, 400 
— , coffee, 405 
— , colcliicum, 237 
— , croton, 40 S 
— , cydonia, 463 
— , datura, 577 
— , flax, 412 
— , henbane, 578 
— , Ignatius, 549 
— , ispaghula, 599 
— , kola, 404 
— , linseed, 412 
— , maw, 373 
— , mustard, 386 
— , nasturtium, 385 
— , nutmeg, 330 
— , nux vomica, 546 
— , plantago, 599 
— poppy. 373 
— , psyllium, 599 
— , quince, 463 
— , stavesacre, 359 
— , stramonium, 577 
— , strophanthus, 555 
— , tonco, 469 
Seeds, description of, 168 
Semen Cina3, 636 
Senegae Radix, 443 
Senegin, 445 
Sennse Folium, 105, 495 

— Fructus, 499 
Senna leaves, 105, 495 


Senna pods, 499 
— stalks, 157, 498 
Sepia officinalis, 654 
Serencea sorrulata, 228 
Sericin, 127 
Sericum, 127 

Serpentariae Rhizoma, 308 

Sesamum indicum, 565 

Sesquiterpenes, 41 

Sevum, 661 

Shellac, 652 

Sieve plates, 119 

Silica, 123, 14S, 183, 280, 692 

Silk, 127 

Simarubaceae, 437 
Sinalbin, 385 
Sinapine, 385 
Sinapis alba, 386 
Sinigrin, 31, 385, 3S6 
Sinistrin, 250 
Sitodrepa panice a, 69 
Sitosterol, 257 
Smilax spp., '253— 2 
Snakeroot, black, 357 
— , Texan, 30S 
— , Virginian, 309 
Soap, 34 
Soils, 53 
Solanaceae, 571 
Solanum spp., 571, 572 
Solenostemma arghel, 499 
Solvent extraction, 39 
Spanish flies, 645 
Sparteine, 468 
Spermaceti, 41, 659 
Squill, 249 

Staphisagriae Semina, 359 
Staple, 129, 144 
Starches, 86-91 
Starch, hydrolysis of, 87 
• — , maize, 87, 89—91 
— , mar ant a, 87 
— , potato, 87, 89-91 
— , rice, 87, 89-91 
— , soluble, 88 
— , wheat, 90, 91 
Stearin, 404, 657, 660 
Sterculia spp., 400, 491 
Sterculiaceas, 400 
Sti’gmasterol, 357 
Stockholm tar, 208 
Stomatal number, 154 
Stomata, types of, 93 
Storax, Levant, 455 
— , American, 456 
Stramonii Folia, 106, 572 
Strophanthi Semina, 105, 555 
g-Strophanthin, 559 
^-Strophanthin, 558 
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Strophanthus Couvmonti, 557, 55 ^ 

— Emini, 557 > 55 ^ 

— gratus, 557, 558 

— hispidus, 557 * 55 ^ 

— kombe, 555—559 

— Nicholsoni, 558 

— sarmentosus, 558 
Stryclmine, 549 
Styychnos spp., 54 ^’. 55 ^ 
Strychnos Nux-vomica, 546 
. — Ignatii, 549 
Strychni Semen, 546 
Stupa, 1 41 

Styracese, 539 
Styracin, 484 
Styrax, 455 
Sty rax spp., 539 * 54 ^ 

Suberised walls, 118 
Succus L-imonis, 436 
Sucrase, 47 
Sucrose, 27 
Suet, 661 

Sulphite pulp, 137 
Sumbul Radix, 531 
Surgical dressings, 143 
Susruta, 5 
Sus scrofa, 660 
Swartzia decipiens, 427 
Swertia ChiYcdci, 551 

Tachardia lacca, 652 

Talc, 147 

Tallow, 404 

Tamarindi Pulpa, 502 

E amari-ndus indica, 502 

Tannins, 96, 123* 293, 669-673 

Taraktogenos Kurzii, 389 

Taraxaci Radix, 639 

Taraxacum officinale, 639 

Tar, 208 

Taxaceae, 201 

Taxine, 201 

Taxus baccata, 201 

Tea. 405 

— , Paraguay, 445 
Terebene, 208 

Terebinthina Canadensis, 209 
Terminalia Chehula, 509 
Terpeneless oils, 430, 436 
Terpenes, 41, 436 
Terpineol, 518 
Textularia, 15 1 
Thalleioquin test, 6og 
Thallophyta, 179* 18 1 
Thea sinensis, 397* 4^5 
Thebaine, 380—382 
Theobroma Cacao, 400 
Theobromatis Semina, 400 
Theophrastus, 5 


Thornapple, 572 
Thymol, 567 
Thymus vulgaris, 567 
Tinea spp., 7 ^ 

Tissues. 113-116 
Tolu, 4S0 

Tonco Semina, 469 
Tow, 1 41 

Tragacanth, 103, 484 
Tragacanthin, 490 
Trichomes, 92 
Trigonelline, 559 
Triticin, 227 
Triticum, 226 
Triticum repens, 226 

— vulgare, 91, 226 
Tropacocaine, 416 
Tropine, 31, 57 ^ 

Trypsin, 46 
Turmeric, 272 
Turnera diffusa, 388 
Turneraceae, 388 
Turpentine, 202, 207, 347 
— , wood, 207 
Turpeth, 565 

Ulmaceae, 296 
Ulmus campestris, 295 

— fulva, 296 

Ulmus Fulvae Cortex, 296 
Ultra violet light, 320, 682 
Umbelliferae, 518 
Umbelliferone, 531, 534 * 535 * ^ 7 ^ 
Uncaria gamhier, 615 
XJragoga acuminata, 613 

— Ipecacuanha, 609 
Urease, 48 
Vrginea indica, 250 

— Scilla, 249 
Uronic acids, 122, 490 
Uvae Ursi Folia, 537 

Valerianaceae, 622 
Valerianae Rhizoma, 622 
V aleriana angustifolia, 625 

— officinalis, 60, 622 
Vanillae Fructus, 283 
Vanilla spp., 62, 283, 287 
Vanillin, 285, 456, 515 
Vein islet number, 152 
Veratrine, 233 

V eratrum album, 232 

— viride, 232 

V erbascum Thapsus, 598 

Vetiveria spp., 225 

Vibumi Prunifolii Cortex, 621 

Viburnin, 621 

Viburnum prunifolium, 621 

Vinca spp., 555 
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Vitamin A, 658 

— C concentrates, 436 

— D, 658 

Volatile oil, 41, 120, 123 
determinations, 694 

Warp, 144 

Water-soluble extractive, 143, 693 
Wax, beeswax, 649 
■ — carnauba, 40 
— , Japan, 650 
— , spermaceti, 659 
Weft, 144 

White hellebore, 232 
Wood, guaiacum, 417 
— , logwood, 504 
— , quassia, 438 
— , red Sanders, 505 
— , sandalwood, 305 
— , sappan, 505 
Woods, description of, 169 
Wood pulps, 136—138 


Wood tar, 208 
Wool, absorbent cotton, 133 
— , sheep’s, 125 
Wool fat, 125, 661 
Wormseed, 636 
— , American, 326 

Xanthium spp., 576 
Xanihoxylum spp., 419 

Yellow root, 360 
Yerba Mate, 445 
Yerba Santa, 566 

Zingerone, 269 
Zingiber, 103, 265 
Zingiberaceae, 265 
Zingiber Mioga, 269, 271 

— officinale, 62, 265 

— Zerumbet, 271 
Zygophyllaceae, 417 
Zymase, 47 
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